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CONVERSION  FACTORS,  BRITISH  TO  {-EThlC  UlfITS  OF  l-JiASUREMENT 


British  units  of  measurement 

used  in  this 

report  can  be  converted  to 

metric  units  as  follows: 

Multiply 

By 

To  Obtain 

inches 

2.5l» 

•lentimeters 

feet 

0.301:8 

Deters 

square  inches 

6.4516 

square  centimeters 

square  feet 

0.092903 

square  meters 

cubic  feet 

0.0283168 

cubic  meters 

feet  per  second 

0.3048 

meters  per  second 

knots  ( international ) 

0.5144444 

meters  per  second 

pounds 

0.45359237 

kilograms 

tons  (2000  pounds ) 

907.185 

kilograms 

pounds  per  square  inch 

0.00689476 

megapascals 

j)ounds  per  cubic  foot 

16.0185 

0.0160185 

kilograms  per  cubic  meter 
grams  per  ciibic  centioiexer 

gallons  (U.  S.  liquid) 

3.785412 

cubic  decimeters 

barrels 

0.1589873 

cubic  Dieters 

Fahrenheit  degrees 

5/9 

Celsius  or  Kelvin  degrees* 

centipoises 

0.001 

newton- seconds  per  square 
meter 

centistokes 

0,01 

square  centimeters  per 
second 

*  To  obtsdn  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  read¬ 
ings,  use  the  following  formula;  C  =  (5/9 )(F  -  32).  To  obtain  Kelvin 
(K)  readings,  use:  K  =  (5/9)(F  -  32)  +  273-15. 


■  '  '  '  V., 


SUMMARY 


The  purpose  of  this  program  was  to  investigate  materials  that  can 
L..  utilized  in  the  clesmiq)  of  massive  oil  spills  hy  sinking  the  oil- 
The  program  was  divided  into  four  phases  as  follows: 

Phase  I:  Survey  of  the  State-of-the-Art 

Phase  II:  Development  of  Standard  Test  Procedures 

Phase  III:  Tests  of  Sinking  Materials 

Phase  IV:  Tests  Analysis  and  Conclusions 

This  report  completes  the  program  as  funded  and  covers  the  results 
of  Phases  j.11  and  IV ;  also  this  report  recapitulates  pertinent  portions 
of  Phases  I  and  II,  )oth  of  which  have  been  previously  reported. 

Twenty-three  oil  sinking  materials,  which  had  been  located  in 
Phase  I,  were  screened  and  tested  (Phase  III)  in  accordance  with  appli¬ 
cable  test  methods  developed  in  the  Phase  II  study  (Appendixes  A,  B,  C, 
and  D).  On  the  basis  of  current  information,  these  materials  were  eval¬ 
uated  (Phase  IV)  as  dry-application  sinking  agents  for  oil.  Factors 
oUch  as  cost,  availability,  effectiveness  in  sinking  and  retaining  oil, 
and  hazards  to  pe-sonnel  and  plant  life  were  considered  in  making  the 
ev€iluations . 

Sight,  materials  were  identifi-d  as  dry-application  all-season 
sinking  ^nts  for  one  or  more  oils,  nine  materials  were  identified  as 
drj'-appli cation  provisional  sinking  agents  for  one  or  more  oils.  One 
mat.eri^  was  identified  as  a  dry-application  all-season  sinking  agent 
for  all  of  the  oils  tested;  one  material  was  a  dry-application  provi¬ 
sional  sinking  agent  for  all  of  the  oils  tested. 
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GLOSSARY 


SOM  (Oil  Sinking  Material).  Tern  iised  to  identify  materials 
submitted  by  manufacturers  for  evaluation  as  sinking  agents- 

Sinking  agent.  A  material  that,  when  applied  to  floating  oil, 
sorbs  (adsorbs  and/or  absorbs)  oil,  creating  a  hi^-density  mass  which 
sinks,  with  o;  without  agitation,  thus  removing  the  oil  from  the  surface. 

Sorbent .  A  material  that,  -'hen  applied  to  floating  oil,  sorbs 
(adsorbs  ai-d/or  absorbs)  oil  but  does  net  effectively  sink;  oil  and  sor¬ 
bent  both  remain  on  the  surface. 

Optimum  oil  retention  potential.  An  index  of  the  optimum  cap¬ 
ability  of  a  SOM  to  retain  a  given  oil  submerged.  The  index  is  deter¬ 
mined  by  the  I'etained  oiltSOM  ratio  by  weight  at  18  hr,  under  static 
laboratory  conditions.  This  index  may  be  determined  both  for  sinking 
agents  and  sorbents  as  presented  in  f^pendix  A. 

Ambient  temperature.  The  teiroerature  of  the  surrounding  air. 

Laboratory  test  conditions.  A  ten^jerature  of  73. U  ^  3.6  F 
(23  i  2  C)  and  a  relative  humidity  of  50  +  5  percent. 

Sinking  efficiency,  llie  ability  of  a  SOM  to  act  as  a  sinking 
agent  for  oii  and  sink  an  oil  layer  on  water.  Sinking  efficiency  is  ex¬ 
pressed  by  the  oil: SOM  ratio  (by  vei^t)  required  to  sink  at  least  90 
percent  of  the  oil  film  thickness  used.  The  test  metnod  is  given  as 
Appendix  B. 

Retention  capability.  Defined  as  the  .ability  of  the  oil: sink¬ 
ing  agent  mass  to  retain  its  oil  after  sinking.  The  ratio  of  the  wei^t 
of  The  oil  retained  to  the  wei^t  of  the  sinking  agent  used  is  a  measure 
of  the  retention  capability. 

Dynamic  retention  capability.  The  retention  capsibility  of  a 
submerged  oil: sinking  agent  mass  determined  under  dynamic  conditions, 
i.e.,  the  submerged  oil: sinking  agent  mass  is  subjected  to  variable  cur¬ 
rents  and  different  bottom  conditions.  Dynamic  retention  capability  is 
to  be  determined  in  accordance  with  the  test  methods  presented  as  Appen¬ 
dixes  C  and  D. 

All-season  sinking  agents.  Sinking  agents  which  were  tested 
for  sinking  efficiency  at  ItO  dO  F,  and  80  F  and  found  to  be  effective 
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Pro\’lsional  sinking  agents.  Sinking  agents  which  were  tested 
or  sinking  efficiency  at  60  F  only  and  found  to  he  effective. 

Nonsorhent.  A  material  that  does  not  adsorb  or  absorb  oil. 
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TISTS  AND  EVALUATION  OF  OIL  SINKING  MATERIALS 

KEY 


Oil  Sinking  Materials 


ManufactiH-er 

Identifi¬ 

cation 

No. 

Trade  Name 

Phillips  Scientific  Gorp. 

(a  subsidiary  of  Phillips  Petroleian  Co.) 
Bartlesville,  Okla.  7^003 

SOM-1 

Latex  coated  barite 

Pluess- Staufer  (North  American)  Inc. 

82  Beaver  Street 

New  York,  N.  Y.  10005 

SOM-2 

Oaya  Nautex  H 

\^jrandotte  Chemicals  Corp. 

J.  B.  Ford  Division 

Wyandotte,  Mich.  U8192 

SOM-3 

Zorb-All 

United  Sierra 

Division  of  Cyprus  Mines  Corp. 

Trenton,  N.  J.  0860d 

sor<i-4 

Mistron  Vapor 

United  Sierra 

Division  of  Cyprus  Mines  Corp. 

Trenton,  N.  J.  08606 

SOI-i-5 

Mistron  ZSC 

United  Sierra 

Division  of  Cyprus  Mines  Corp. 

Trenton,  N.  J.  O8606 

SONI-6 

Glacier  200 

Engelhard  Minerals  &  Chemical  Corp. 
Minerals  &  Chemical  Division 

SOM-7 

SCL-Speedi-Dry 

Menlo  Park,  Edison,  N.  J. 


Oil  Sinking  Materials  (Continued) 


Manui'acturer 


Union  Carbide  Corn. 

Mining  and  Metals  Division 

R&D  Department 

Niagara  Falls,  K.  Y.  IU302 


Union  Carbide  Corp. 

Mining  and  Metals  Di'/ision 

Rf.D  Department 

Niagara  Falls,  N.  Y.  lli302 


Union  Carbide  Core. 

Mining  and  Metals  Division 

R&D  Department 

Niagara  Falls,  N.  Y.  IU302 


Waverly  Minerals  Products  Co. 
3018  Market  Stree+ 
Philadelphia,  Pa.  1910it 


Waverly  Minerals  Products  Co. 
3018  Market  Street 
Philadelphia,  Pa.  1910U 


International  Oil-Lok  Control,  Ltd. 

1970  Spicer  Road 

North  Vancouver,  B.  C.,  Canada 


Dow  Coming  Com. 
Midland,  Mich.  '  I186UO 


Dow  Coming  Corp. 
Midland,  Mich.  l»86UO 


Dow  Coming  Corp. 
Midland,  Mich.  i»36l»0 


Destroyl  Ltd 

Goldlay,  Burnt  Mills  Road 
Nevendon,  Basildon 
Essex,  United  Kingdom 


Aqua  Pura  Inc. 

1000  Country  Cliib  Lane  NW 
Albuquerque,  N.  Mex.  871lJ» 


The  Bums  &  Russell  Co. 
P.  0.  Box  6063 
BELltiicore,  Md.  21231 


The  Bums  &  Russell  Co. 
P.  0.  Box  606i 
Baltimore,  Md.  21231 


Identifi¬ 
cation 
No. 


Trade  Name 


SOM-8  Calidria  Asbestos 
R-GliUU 


SOM-9  Calidria  Asbestos 
S-GU1»U 


SOM-10  Calidria  Asbestos 
HPO  (High  Purity 
Open) 


SOM-11  HI  DRI 


SOM-12  Megsite  Pines 


SOM-13  Oil  Lok 


SOI-Hl  Silicone  treated 
fly  ash 

SOM-I5  Silicone  treated 
fly  ash 

SOM-I6  Silicone  treated 
sand 


SOI<5-17  Cement  byproduct 


SOM-I8  ifydrated  potass i\im 
aluminum  silicate 


SOMi-19  Treated  sand 

BR  Globulator  101 


SOM-20  Treated  saind  B? 

Encapsulator  20i 


J 


5r 
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Oil  Sinkin;;  Materials  (Continued) 


Manufacturer 

Identifi¬ 

cation 

No. 

Trade  Name 

The  Bums  &  Russell  Co. 
P.  0.  Box  6063 
Baltimore,  Md.  21231 

SOM-21 

Treated  sand 

BR  Globulator 

102 

The  Bums  &  Russell  Co. 
P.  0.  Box  6063 
Baltimore,  Md.  21231 

SOM-22 

Treated  sand 

BR  Globulator 

103 

The  Bums  &  Russell  Co. 
P.  0.  Box  6063 

Baltimore ,  Md.  21231 

Oils 

SOM-23 

Treated  sand 

BR  Globulator 

lOU 

Identifi¬ 

cation 

No. 

Description 

Source 

North  Louisiana  paraffinic-based  crude 
(low- viscosity  crude  oil) 

South  Louisiana  naphthenic-based  crude 
(low-viscosity  crude  oil) 

South  Louisiana  naphthenic-based  crude 
(low-viscosity  crude  oil) 

Diesel  oil  (low  viscosity) 


Residual  fuel  oil  (Bunker  C),  a  hi^- 
viscosity  oil 

Bachaquera,  Argentina  type  asphaltic 
high-viscosity  crude  oil  from 
Tia  Jiiana,  Venezuela 

SAE  30-wt  motor  oil  (lube  oil) 


Humble  Oil  Co., 

Baton  Rouge,  La. 

Humble  Oil  Co. , 

Baton  Rcxige,  La. 

Federal  Water  Quality 
Control  Administra¬ 
tion,  Edison,  N.  J. 

Federal  Water  Quality 
Control  Administra¬ 
tion,  Edison,  N.  J. 

Federal  Water  Quality 
Control  Administra¬ 
tion,  Edison,  N.  J. 

Federal  Water  Quality 
Control  Administra¬ 
tion,  Edison,  N.  J. 

American  Oil  Co., 
Vicksburg,  Miss. 
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INVESTIGATION  OF  SINKiaG  METHODS  FOR  REMOVAL  OF  OIL 
POLLUTION  FROM  WATER  SURFACES 


TESTS  AND  EVALUATION  OF  OIL 
SINKING  MATERIALS 

PART  I:  INTRODUCTION 

Background 

1.  Oil  pollution  is  a  problem  that  has  been  present  for  most  of 
the  twentieth  century,  but  the  magnitude  and  frequency  of  oil  spills 
have  grown  enormously  during  the  past  few  years.  During  the  period 
from  1956  to  1959,  twenty-one  major  oil  spills  occurred  near  the  United 
States,  resulting  in  the  spillage  of  approximately  one  million  barrels* 
of  oil  into  coestal  waters.^  Many  research  projects  are  being  carried 
on  by  Government  agencies  and  the  petrolevm  industry  to  develop  means  of 
preventing  oil  spillage  and  to  successfully  deal  with  floating  oil  when 
it  does  occur. 

2.  When  offshore  spills  occizr,  generally  the  first  action  is  to 
attempt  to  contain  the  oil  by  use  of  booms  and  recover  it  by  use  of 
pumps,  skimmers,  or  oil-attracting  belts  or  cylinders.  When  this  is  not 
successful,  floating  materials  are  often  spread  on  the  oil  to  absorb  it 
and  are  then  collected  for  disposEj..  Control  methods  such  as  burning, 
dispersing  with  chemicals,  and  sinking  are  normally  only  to  be  used  when 
the  initial  actions  are  unsuccessful  and  the  oil  is  uncontained  at  sea 
and  in  danger  of  polluting  the  shoreline.  The  National  Oil  and  Hazard- 

p 

ous  Materisils  Pollution  Contingency  Plan  (June  1970)  specifies  that 
sinking  agents  or  dispersants  are  not  to  be  used  in  marine  waters  less 
than  100  meters  deep.  Also,  sinking  agents  should  be  used  only  when 
the  current  is  not  predominately  shorewenrd  and  only  when  other  control 


*  A  table  of  factors  for  converting  British  units  of  meas\xrement  to 
metric  units  is  given  on  page  vii. 


methods  are  judged,  to  be  inadequate  or  unfeasible  by  the  Federal  Water 
Quality  Administration.  In  spite  of  these  restrictions,  there  are  situ¬ 
ations  in  which  sinking  methods  are  a  valuable  tool  in  controlling  oil 
snills. 


3-  The  overcdl  purpose  of  this  investigation  was  to  locate  mate¬ 
rials,  establish  test  procedures,  and  evalira-te  materials  that  could  be 
utilized  in  the  cleanup  of  massive  oil  spills  by  sinking  the  oil.  To 
accomplish  this  objective,  the  program  was  divided  into  four  phases  eis 


follows: 


Phase  I:  Survey  of  the  State-of-the-Art 
Phase  II:  Development  of  Standard  Test  Procedures 
Phase  III:  Tests  of  Oil  Sinking  Materials 
Phase  r\r‘:  Tests  Analysis  and  Conclusions 


4.  A  literature  survey  (Phase  I)  was  made  and  23  potential  oil 
sinking  materials  were  locat-- and  samples  procured.  Laboratory*  test 
procedures  were  developed  for  evaluating  oil  sinking  materials  (Phase 
II).  The  procedures  developed  were  for  the  determination  of  (a)  optimua 
oil  retention  potential,  (b)  sinking  efficiency,  and  (c)  dynamic  T-eten- 
tion  capability.  The  23  materials  located  were  tested  (Phase  III)  using 
the  test  procedures  de-vreloped  in  Phase  II.  Phase  IV  consisted  of  the 
evsiluation  of  the  23  materials  based  on  the  results  of  all  testing. 

Previous  Work 


5.  In  Phase  I,"^  many  hundreds  of  articles  and  pablications  vere 
re'vieved  to  locate,  and  develop  information  on,  oil  sinking  materials. 
Literature  pertaining  to  oil  sinking  materials  was  not  particularly 
abundant,  nnd  most  of  the  work  that  has  been  done  was  done  in  Europe, 
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especially  in  England.  It  is  believed,  however,  that  practically  all 
information  of  any  value  pertaining  to  dry-application  oil  sinking  inate- 
rials  was  located  and  processed  during  this  literatiore  survey. 

6.  Initially,  eighteen  uiaterials  offered  by  iianufacturers  were 
located  for  investigation  These  materials  were  assessed  based  on  re¬ 
sults  of  the  literature  search  and  on  information  supplied  by  the  manu¬ 
facturers  and  tentatively'  rated  with  regard  to  effectiveness  in  absorb¬ 
ing  and  sinking  oil,  effectiveness  in  retaining  oil,  avsdlability  and 
cost  of  the  material,  hazards  to  personnel  and  plant  and  animal  life, 
and  difficulty  of  application-  This  information  was  reported  in  Re¬ 
port  of  this  series,  but  portions  thereof  are  also  given  in  subse¬ 
quent  parts  of  ul.i:  report.  Since  Report  1  was  published,  an  additional 
six  materials  were  located,  and  information  on  these  materials  is  pre¬ 
sented  in  this  report. 

7.  It  should  be  noted  that  the  material  identified  as  SOM-17  in 
Report  ’  of  this  series,  a  silicone  treated  sand,  was  not  tested  in  sub¬ 
sequent  phases.  The  SOM-17  material  tested  in  Phases  II  and  III  of  the 
investigation  is  a  cement  byproduct  and  should  not  be  confused  with  the 
SOM-17  assessed  and  referred  to  in  Report  1. 

8.  In  Phase  II  of  this  investigation  laboratory  tests  were  de¬ 
veloped  to  evaluate  the  effectiveness  of  oil  sinking  materials  under 
varying  conditions.  In  the  development  of  the  test  methods,  the  effects 
of  variation  of  the  following  parameters  were  taken  inuo  accoimt: 

a.  Oil  film  thickness 

Natiu'e  of  oil  film  (fresh  or  weathered) 
c.  System  tearoerature 

Rate  of  application  of  sinking  agent 
£.  Nature  of  s'orface  condition  (calm  or  agitated) 
f.  Type  £>f  bottom  condition  (sand,  mud,  gravel,  etc.) 

Current  flow  (fluid  velocity) 

b.  Nature  of  water  system  (salt  or  fresh) 

Effects  of  volatiles 

Pour  methods  of  test  were  develoued  and  the  results  were  reported  In 

U 

Report  2  of  this  series.  Tlie  test  methods  developed  are  given  as 


R  Appendixes  A,  B,  C,  and  D  herein  and  determine: 

p  a.  Optimum  oil  retention  potential 

B  b.  Sinking  efficiency 

B  Dynamic  retention  capability 

I  Volatile  loss-time  characteristics  of  oil  retained  on 

|.  glass  wool 

1 

i  The  test  methods  developed  are  not  applicable  to  residual  fuel  oil 

J  (Bunker  C)  due  to  its  semisolid  state  under  laboratory*  conditions, 

j  No  significant  difference  was  noted  in  results  obtained  due  to  water 

i  composition — fresh  water  or  simulated  sea  water. 


PART  II:  IDENTIFICATION  OF  MATERIALS 

Oil  Sinl-.ing  Materials 

9*  In  Ph<ise  I  of  this  investigation,  samples  of  23  materials 
offered  by  manufacturers  as  sinking  agents*  for  oil  were  procured.  In- 
formaoion  about  each  of  these  materials  wsis  obtained  from  the  manufac- 
tarers  and  is  presented  as  Appendix  E.  A  general  grouping  of  these  ma¬ 
terials  would  be  as  follows : 

No.  of  MaterisLIs 
of  This  Type 


Type  of  Material  Procured 

Barite  1 

Chalk  1 

Clay  5 

Talc  3 

Asbestos  3 

Sand  7 

Fly  ash  2 

Cement  byproduct  1 


Specific  identification  of  the  23  materials  is  given  in  table  1. 

Physical  Characteristics 

10.  In  order  to  determine  the  relative  particle  sizes  of  the  oil 
sinking  materials,  sieve  analyses  were  run.  Sieve  analyses  of  11  of  the 
coarser  materials  (SOI-I-3,  -T,  -11,  -12,  -13,  -l6,  -19,  -20,  -21,  -22, 
and  -23)  were  conducted  in  accordance  with  applicable  portions  of  ASTM 
Designation:  C  136-67^.  Partial  sieve  analyses  were  conducted  on  the 
remaining  12  materials,  some  of  which  were  extremely  fine  powders  {SOM-2 
-4,  and  -5).  The  results  of  sieve  analyses  are  given  in  table  2,  in 
which  the  materials  are  arranged  in  order  of  fineness  from  left  to  right 
with  the  cosirsest  material,  SOM-11,  on  ^he  left.  One  hundred  percent  of 
all  materials  passed  the  No.  4  (4.76-mm)  sieve,  while  one  hundred 


♦  See  Glossary  for  defirdtior.  of  terms  xised  in  this  report. 
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I>ercent  of  SOM-2,  -U,  and  -5  passed  the  No.  UOO  (37-micron)  sieve. 

11.  The  particle  specific  gravity  of  each  material  was  determined 
by  use  of  a  Beckman  air  conqparison  pycnometer.  Model  930;  loose  volume 
density  wais  determined  by  filling  a  calibrated  container  and  weighing. 
The  results  of  these  tests  are  given  in  table  1.  SOM-7  had  the  hipest 
particle  specific  gravity  (3.37)  and  SOM-8  the  lowest  (2.10).  The  hip¬ 
est  loose  volume  density  (108.1  Ib/cu  ft)  was  that  of  SOM-21;  SOM-10  had 
the  lowest  (12.2  Ib/cu  ft). 


Fnotomicrcs 


12.  Photomicrographs  of  each  of  the  materials  were  made  using 


magnifications  of  either  2,  10,  or  100  depending  on  the  fineness  of  the 
material.  These  photos  are  given  in  Appendix  F. 

Infrared  analysis 


13.  Eight  of  the  materials  were  selected  for  examination  using 
infrared  spectrophotometry  (IR).  First,  8in  identification  spectrum  was 
obtained  on  the  ei^t  as-received  materials.  Six  of  these  eight  mate¬ 
rials  had  been  treated  with  organic  substances.  These  six  materials 
were  placed  in  orgainic  solvents  to  extract  the  coatings  or  treatments, 
and  the  extracted  organic  materials  were  identified  using  IR.  The  re¬ 
sults  of  these  identifications  are  given  in  table  1. 


ll|.  Seven  unweathered  oils  were  procured  for  use  in  this  program. 
These  oils  can  be  generally  classified  as  one  of  the  following  types: 
residual  fuel  oil,  diesel  oil,  lube  oil,  and  crude  oil.  The  oils  were 
aissigned  numbers  and  are  identified  below: 

Oil  Ho. 

1  North  Lomsiana  paraffinic-based  low-viscosity  crude  oil 

2*  South  Lomsiana  naphthenic-baised  low-viscosity  crude  oil 

3*  South  Louisiana  naphthenic-based  low-viscosity  crude  oil 

U  Diesel  oil  (low  viscosity) 

(Continued) 

*  Oils  2  and  3  are  essentially  the  same  oil,  so  oil  3  was  not 
used  in  subsequent  oil  sinking  material  testing. 
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Oil  No. 

5**  Residual  fuel  oil  (Bunker  C),  a  high-viscosity  oil 

6  Venezuela  (Bachaquera,  Argentina  tjrpe)  asphaltic  hi^- 

viscosity  crude  oil 

7  Lube  oil  (SAE  ^-wt  motor  oil),  a  medium-vijcosity  oil 

**  This  oil  was  not  used  in  the  testing  hecaiise  of  its  semisolid 
state  uiider  laboratory  conditions. 

All  of  these  oils  were  fresh  or  unweathered  oils.  Since  significant  ex¬ 
posure  to  oijtdoor  weathering  will  change  the  physical  properties  of  an 
oil,  all  procured  oils  were  placed  in  airtight  containers  which  were 
thoro\:ighly  agitated  before  sampl  of  oil  were  removed  for  the  various 
laboratory  tests  which  were  conducted.  The  oils  which  were  utilized  in 
each  of  the  laboratory  tests  were  therefore  fresh  or  unweathered  oils. 
Physical  characteristics 

15.  The  specific  gravity  of  the  unweathered  oils  at  UO,  73,  and 
100  F  was  determined  by  weiring  in  a  calibrated  container.  Test  re¬ 
sults  are  given  in  table  3.  A  laboratory  viscosimeter  (Brookfield  Model 
LVF  1*529 )  was  used  to  determine  the  viscosity-ten^jerature  relations  for 
the  seven  oils;  these  data  €ire  presented  in  table  3  and  plate  1.  Labo¬ 
ratory  tests  were  also  conducted  to  determine  the  volatile  loss-time  re¬ 
lationships  for  xhe  oils  under  various  conditions;  in  these  tests,  un¬ 
covered  s angles  (approximately  25  grams)  of  each  oil  were  exposed  in 
controlled  environments  for  periods  up  to  7  days  and  the  amo\mt  of  oil 
which  volatilized  from  a  surface  area  of  25.97  sq  in.  was  expressed  as 
wei^t  loss.  The  results  obtained  are  summarized  in  table  1*  and  shown 
graphiceCLly  in  plate  2.  Oils  1,  2,  3,  and  U  are  low-viscosity  oils  and 
are  the  most  volatile  of  the  oils  tested  while  oils  5>  6,  and  7  are 
heavier,  more  viscous  oils  of  less  volatility. 

Infrared  ansilysis 

16.  The  seven  unweathered  oils  were  examined  using  infrared  spec¬ 
trophotometry  (IR);  spectra  were  obtained  in  the  2.5-  to  l6-micron  re¬ 
gion.  The  samples  were  prepared  for  IR  testing  by  gently  pressing  the 
oil  between  sodium  chloride  crystals  provided  with  a  spacer  and  cell 
holder.  The  graphical  restilts  obtained  are  shown  in  Appendix  G  and  the 
IR  identification  is  summarized  in  table  3. 
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PART  III:  PRELIMINARY  ASSESSMENT  OF  OIL  SINKING  MATERIALS 


17.  In  the  initial  phases  (Phases  I  and  II of  this  investiga¬ 
tion  the  oil  sinking  materials  were  assessed  with  regard  to  (a)  avail¬ 
ability  and  cost,  (h)  hazards  to  personnel  and  plant  life,  and  (c)  dif¬ 
ficulty  of  application,  and  were  tentatively  classified.  The  results  of 
these  assessments  and  classifications  are  presented  in  the  following 
paragraphs . 

Availability  and  Cost 

18.  Untreated  materials  were  generally  more  available  than 
treated  materials.  Most  manufacturers  are  not  tooled  for  high  produc¬ 
tion  treatment  of  the  materials  but  some  co^iLd  begin  such  production 
with  a  short  lead  time.  Treated  materials  with  a  long  shelf  life  could 
be  produced  and  stockpiled  at  strategic  locations  for  future  use  in  an 
emergency. 

19.  The  materials  can  be  generally  grouped  into  two  broad  cate¬ 
gories  with  respect  to  current  availability: 

Those  which  are  available  in  quantity  with  a  short  lead 
time 

Those  for  which  a  treatment  plant  woul-d  be  required  for 
q'oantity  production 

The  following  tabulation  groups  the  materials  with  respect  to  availabil¬ 
ity  and  also  ranks  them  on  a  cost  basis.  Some  manufacturers  did  not  re¬ 
port  cost,  so  an  estimate  of  the  cost  of  these  materials  is  given  in 
these  cases. 


Material 

No. 

Cost 

Rank 

General 

Description 

Avail¬ 

able? 

Treatment 

Plant 

Required? 

Cost 

Information 

SOI-!-l 

19.5 

Barite 

No 

Yes 

$llfO/ton,  FOB  plant 

SOM-2 

13 

Chalk 

Yes 

No 

$80 /ton,  FOB  most 
major  U.  S.  ports 

SOM-3 

9 

Clay 

Yes 

No 

$60/ton,  FOB  plant 

S0M-1» 

17.5 

Talc 

Yes 

No 

$120/ton,  FOB  most 
major  U.  S.  cities 

(Continued) 


Cost 

Information 


Material 

No. 

Cost 

Rank 

General 

Description 

Avail¬ 

able? 

Treatment 

Plant 

Required? 

SOM-5 

21 

Talc 

Yes 

No 

SOM-6 

17.5 

Talc 

Yes 

No 

^M-7 

6 

Clay 

Yes 

No 

SOM-8 

23 

Asbestos 

Yes 

No 

SOM-9 

22 

Asbestos 

Yes 

No 

SOM-10 

19.5 

Asbestos 

Yes 

No 

SOM-11 

2 

Clay 

Yes 

No 

SOM-12 

1 

Clay 

Yes 

No 

SOf-1-13 

11 

Sand 

Yes 

Ho 

SOM-lU 

15 

Fly  ash 

No 

Yes 

SOM-15 

15 

Fly  ash 

No 

Yes 

SOM-16 

11 

Sand 

No 

Yes 

SOM-17 

15 

Cement 

Yes 

No 

byproduct 

SOM-18 

8 

Clay 

Yes 

No 

SOM-19 

3.5 

Sand 

Yes 

Ho 

S0M-20 

3.5 

Sand 

Yes 

No 

SOM-21 

5 

Sand 

Yes 

Ho 

SOM-22 

11 

Stmd 

No 

Yes 

SOM-23 

7 

Sand 

Yes 

No 

$l60/ton,  FOB  most 
major  U.  S.  cities 
est.*  $120/ton,  FOB 
plant 

$4l/ton,  FOB  plant 
$650 /ton,  FOB  plant 
$350/ton,  FOB  plant 
$lU0/ton,  FOB  plant 
$35 /ton,  FOB  plant 
est.*  $20/ton,  FOB 
plant 

$75 /ton,  FOB  plant 
est.*  $100/ton,  FOB 
plant 

est.*  $100 /ton,  FOB 
plant 

est.*  $75/ton,  FOB 
plant 

est.*  $100/ton,  FOB 
plant 

$50 /ton,  FOB  plant 
$36 /ton,  FOB  plant 
$36/ton,  FOB  plant 
$U0/ton,  FOB  plant 
est.*  $75/ton,  FOB 
plant 

$56/ton,  FOB  plant 


*  Estimated. 


a 
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Hazards 

Personnel  health  hazards 

20.  Masks  shovild  be  iised  by  personnel  working  with  any  of  the  ma¬ 
terials,  especially  the  finer  materials.  Any  powdery  material  inhaled 
into  the  Ivmgs  over  a  long  period  of  time  will  cause  damage.  The  mate¬ 
rials  tested  in  this  program  can  be  grot^ed  with  regard  to  personnel 
hazards  as  follows: 
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Giroup  1:  Least  hazardotis. 

Barite  ( SOM-1 ) 

Chalk  (SOM-2) 

Clays  (SOM-3,  -7,  -11,  -12,  and  -l8) 

Talcs  (SOM-U,  -5,  and  -6) 

Group  2 :  Possible  danger  of  silicosis  from  prolonged  breathing. 
Fly  ash  (SOM-lk  and  -15) 

Sands  (SOM-13,  -l6,  -19,  -20,  -21,  -22,  and  -23) 

Cement  byproduct  ( SOM-17) 

Group  3 :  Danger  of  asbestosis  (toxic  materials). 

Asbestos  (SOM-8,  -9,  and  -10) 

21.  In  regard  to  Groi?)  2,  there  is  a  possible  danger  of  silicosis 
from  prolonged  breathing  of  materials  in  this  group;  however,  contrac¬ 
tion  of  silicosis  would  take  prolonged  exposure  and,  with  masks,  is  not 
considered  veiy  likely  for  short-term  exposure. 

22.  The  danger  of  the  development  of  a  disabling  lung  disease 
called  asbestosis  is  present  when  working  with  asbestos.  The  manufac¬ 
turers  of  these  (Group  3)  materials  recommend,  for  oil  sinking,  their 
^plication  in  an  oil  or  water  solution,  which  would  reduce  the  problem. 
Effect  on  flora  and  fauna 

23.  Hone  of  the  sinking  materials  themselves  are  expected  to  ad¬ 
versely  affect  flora  and  fauna;  however,  the  covering  of  animal  and/or 
plant  life  by  the  oil: SOM  conglomeration  would  undoiibtedly  have  an  ad¬ 
verse  e'f'fect. 


Difficxxlty  of  Application 

2k.  The  oil  sinking  materials  were  grouped  as  follows  with  regard 
to  difficulty  of  application: 

Group  1 :  Sprinkle  or  pressure  apply  dry,  none  or  only  slight 
agitation  needed  for  sinking. 

Barite  (SOMr-i) 

Clays  (SOM-11,  -12,  and  -l8) 

Fly  ash  (S0^i-l^^  and  -15) 


GroiQ)  l! 


Sprinkle  or  pressure  apply  dry,  none  or  only  slight 
agitation  needed  for  sinking.  (Continued) 

Sands  (SOM-13,  -l6,  -19,  -21,  -22,  and  -23) 
lament  byproduct  ( SOM-17) 

GroiQ)  2:  Sprinkle  or  pressure  apply  dry,  supplemental..,  agitation 
needed  for  sinking. 

Chalk  (SOM-2) 

Clays  (SOM- 3  and  -7) 

Talc  (SOM-lt,  if  applied  dry; 

GroiQ)  3:  Spray  apply  in  solution  of  either  crude  oil  or  water. 
Talcs  (SOM-k,  -5,  end  -6) — mix  with  water 
Asbestos  (SOM-8  and  -9) — mix  .h  oil 

Asbestos  (SOM-IO) — mix  with  water 
Seind  (SOM-20) — mix  with  water 

25.  It  should  be  noted  that  in  the  subseq\ient  laboratory  tests, 
all  materials  were  tested  as  if  they  were  all  Group  2  materials.  Those 
materials  which  are  in  Group  3  (SOM-5,  -6,  -8,  -9,  -10,  and  -20)  coxild 
not  be  expected  to  perform  in  a  very  satisfactory  manner  as  sinking 
agents  since  they  were  not  applied  as  recommended  by  the  manufacturers. 

Preliminary  Classification 


26.  Screening  tests  revealed  that  the  23  materials  could  be  ini¬ 


tially  classified  into  two  grov5)s 

a^.  Granular  materials 

Barite 

Clay 

Treated  sand 
Fiy  ash 

Cement  byproduct 

b.  Powdered  materials 

Chalk 

Talc 

Asbestos 


as  follows: 

(sinking  agents): 

SOM-1 

SOM-3,  -7,  -11,  -12,  -18 

SOM-13,  -Id,  -19,  -20,  -21,  -22,  -23 

SOM-lU,  -15 

SOM-17 

(sorbents): 

SOM-2 

SOM-U,  -5,  -6 
SOM-8,  -9,  -10 


The  gi’anulaur  materiaJs  were  generally  considered  to  be  sinking  agents 
and  the  powdered  materials  were  generally  considered  to  be  sorbents. 

The  action  oi  these  materials  in  the  screening  tests  indicated  that  this 
wais  a  satisfactory  preliminary  classification. 


PART  IV:  TESTS  OF  OIL  SINKING  MATERIALS 


27.  '•’n  Phase  II  of  this  investigation,  three  test  methods  were 

developed  for  evaluation  of  the  oil  sinking  materials;  these  test  meth-  I 

ods  are  given  as  Appendixes  A,  B,  and  C.  Laboratoiy  tests  of  the  oil  | 

sinking  materials  were  conducted  using  the  test  methods  as  discussed  in  I 

•  I 

the  succeeding  paragraphs.  All  oils  used  in  the  laboratory  tests  were  j 

unweathered  oils  to  minimize  the  effects  of  volatile  matter  contained  on  j 

•  ! 

the  test  restilts.  \ 

28.  Short-term  retention  potential  tests  were  conducted  initially  1 

on  all  of  the  22  materials  obtained  for  use  in  this  program.  Materials  I 

were  then  selected  to  represent  each  of  the  five  types  of  granular  ma-  ; 

terials,  which  had  been  initially  classified  as  sinking  agents  (see  j 

I 

paragraph  26),  for  further  testing  and  evaluation.  Additional  tests  I 

were  also  conducted  on  two  of  the  fine  powdered  materials  for  conroarison  | 

purposes.  Table  5,  which  presents  in  tabular  form  the  tests  conducted,  |. 

indicates  the  conditions  of  each  test  and  which  oils  and  oil  sinking  ma- 
teriails  were  involved.  The  chronological  sequence  of  the  testing  is 

shown  below :  | 

a.  Short-term  optimum  oil  retention  potential  tests. 

b.  Shor^ -term  sinking  efficiency  tests  at  -O,  60,  and  80  F 
using  three  oil  thicknesses. 

c_.  Long-tera  retention  potential  tests. 

Short-term  sinking  efficiency  tests  at  60  F  using  one  oi.l  ■ 

thickness  (tests  of  materials  which  had  not  been  previ-  j 

ously  tes  .ed  urder  these  conditions).  ' 

Long-term  sinking  efficiency  tests. 

f^.  Dynamic  retention  capability  tests. 

Optimum  Oil  Retention  Potential 

l3-hr  tests  (short-term  tests) 

29.  The  18-nr  optimum  oil  retention  potential  of  all  23  of  the 

SOM's  for  six  unweatnered  oils  (oils  1,  2,  3.  6,  and  7)  was  deter¬ 

mined  using  the  Appendix  A  test  method  under  laboratory  test  conditions. 
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Becaiise  of  the  nature  of  the  test  materials  themselves,  l6  materials 
initially  classified  as  sinking  agents  (SOi'H,  -3,  -7,  and  -11  throng 
-23)  were  tested  using  Method  A  of  the  test  method  and  seven  materials 
initially  classified  as  sorbents  (SOM-2,  -U,  -5,  -6,  -8,  -9,  and  -10 ) 
were  -cested  using  Method  B  of  the  test  method.  Oil: SOM  ratios  (by 
weight)*  obtained  are  given  in  table  6  and  ranged  as  follows: 

Oil  1  0.l4  (for  SOM-21)  to  5.67  (for  SOM-IO) 

Oil  2  0.15  (for  SOM-21)  to  5-95  (for  SOl-I-8) 

Oil  3  O.lU  (for  SOM-21)  to  h.52  (for  SOI-i-9) 

Oil  U  0.1k  (for  SOM-21)  to  k.93  (for  SOM-8) 

Oil  6  0.23  (for  SOM-21)  to  l8.k5  (for  SOM-IO) 

Oil  7  G. 10  (for  SOM-23)  to  8.kU  (for  SOM-IO ) 

30.  These  test  results  indicated  that,  in  general,  the  asbestos 
materials  had  the  greatest  potential  for  retaining  the  oils  tested  while 
the  sands  had  the  least  potentisd. 

Long-term  tests 

31.  Additional  optinrum  oil  retention  potential  tests  were  con¬ 
ducted  (as  indicated  by  Pordts  and  Jongbloed^  for  periods  of  one  week  or 
more  using  five  unweathered  oils  (oils  1,  2,  k,  6,  and  7)  and  13  oil 
sinking  materials  (SOM-1,  -3,  -7,  -11,  -13,  -Ik,  -l6,  -17,  -21,  -22, 
and  -23).  The  oil: SOM  ratios  (by  weight)  obtained  are  given  in  table  7 
and  ranged  as  follows: 

Oil  1  0.13  (for  SOM-21)  to  1.73  (for  SOI-I-l) 

Oil  2  0.15  (for  SOM-16)  to  2.29  (for  SOM-1 ) 

Oil  k  0.35  (for  S0^^-23)  to  2.05  (for  SOM-1 ) 

Oil  6  0.20  (for  SOM-21)  to  2.27  (for  SOM-1 ) 

Oil  7  0.07  (for  SOM-23)  to  1.11  (for  SOM-1 ) 


32.  These  test  results  indicated  that,  of  the  11  materials  tested 
SOM-1  (barite)  had  the  greatest  potential  for  retaining  the  oils  tested 
while  the  sands  (SOM-13,  -l6,  -21,  -22,  and  -23)  had  the  least  p<-tenvial 


Also,  no  appreciable  difference  in  oil: SOM  ratio  was  noted  between  the 
short-term  and  long-term  retention  potential  tests  w'ith  oils  1,  2,  and 
J*.  However,  as  the  absolute  viscosity  cf  the  oil  used  exceeds  100  cp 
(oils  6  and  7),  the  difference  between  the  oil:£0M  ratios  obtained  in 
short-term  and  long-term  tests  became  significant. 

Sinking  Efficiency 

33.  Laboratory  tests  were  conducted  to  determine  the  sinking  ef¬ 
ficiency  of  all  materials  in  accor^'ance  with  the  Appendix  B  test  method, 
even  thou^  all  materials  had  not  been  classified  initially  as  sinking 
agents . 

Short-term  tests 
at  three  temperatures 

3*t.  Sinking  efficiency  tests  on  nine  selected  materials  were  con¬ 
ducted  utilizing  three  thicknesses  of  five  xmweathered  oils  (oils  1,  2, 
U,  6,  and  7)  at  three  ten^jeratiires  (uO  +  2  F,  60  +  2  F,  80  +  2  F).  This 
was  a  total  of  i»05  individual  tests,  or  nine  tests  of  each  of  U5  differ¬ 
ent  oil-SOM  combinations.  The  individual  oil: SOM  ratios  obtained  in 
these  tests  are  given  in  table  8.  An  inspection  of  the  data  in  table  8 
indicates  that  in  general  the  sinking  efficiency  (oil: SOM  ratio)  was  not 
proportional  to  ten^Jerature  (which  defines  specific  gravity  ar.d  vis¬ 
cosity  of  the  oil  in  use)  or  oil  thjckness.  It  appears  that  the  effec¬ 
tiveness  of  an  individual  oil  sinking  material  depended  on  a  combination 
of  many  factors — SOM  used,  oil  used,  teiroerature ,  and  oil  thickness. 

The  effect  of  any  one  paraneter  on  the  sinking  efficiency  depends  on  hew 
the  parameters  interact  for  that  particular  case.  In  general,  however, 
the  nine  SOM’s  tested  are  more  effective  on  oil  thicknesses  of  0.10  or 
0.15  in.  (2.5^  to  3.81  mm),  and  less  effective  on  oil  thicknesses  of 
0.01  and  0.05  in.  (0.25  and  1.27  nsa). 

35-  The  tests  of  28  of  the  i»5  oil-SOM  combinations  yielded  enou^. 
reliable  data  to  warrant  a  statistical  treatment  for  effect  of  oil 
thickness  and  temperature.  The  residuad  errors  of  the  data  from  each  of 
these  28  combinations  were  ca3.culated  and  compared.  The  residual  error 


was  fotmd  to  be  statisticaliy  the  same  for  all  and  equal  to  0.135  (in 
oil: SOM  ratio)  with  106  degrees  of  freedom.  A  statistical  analysis  of 
the  data  from  each  of  the  combinations  using  this  residual  error  de¬ 
termined  that  oil  thickness  and/or  tenq>erature  was  significant  at  the 
95  or  99?  confidence  level  in  only  lJ»  combinations.  Graphs  are  given 
(plates  3  and  U)  for  these  lU  combinations  for  the  parameter  or  param¬ 
eters  which  are  significant.  The  ten?)erat\ire  or  oil  thickness  is  sig¬ 
nificant  only  at  the  95?  confidence  level  (significant)  for  the  data 
given  in  plates  3a,  3g,  and  Itg.  The  data  used  in  plates  3b  through  f, 

Ua  through  f,  and  kh  through  k  indicate  that  ten^erature  or  oil  thick¬ 
ness  is  significant  at  the  99?  confidence  level  (highly  significant). 

A  summary  of  this  information  is  shown  in  table  9*  The  significance 
tests  indicate  that  (a)  the  effectiveness  of  SOM-1  is,  in  most  cases, 
infliaenced  significantly  by  temperature,  (b)  the  effectiveness  of  SOM-17 
is,  in  most  cases,  influenced  significantly  by  oil  thickness,  and  (c) 
oil  thickness  is  iii5)ortant  in  considering  agents  to  be  used  for  sinking 
oils  1  and  2  (light  crude  oils). 

36.  The  test  results  indicate  that  one  material  tested  (SOM-8)  is 
not  a  sinking  agent  since  it  was  not  satisfactory  for  sinking  any  of  the 
oils  at  these  teii5)eratur9s .  Other  information  gleaned  from  these  tests 
was  (a)  S01'!-k  acted  as  a  sinking  agent  for  oil  U  (diesel  oil)  only,  (b) 
only  two  of  the  SOM’s  tested,  SOM-13  and  -22,  acted  as  sinking  agents 
for  oil  6  (Argentina  crude),  (c)  SOM-j ,  -3,  -1^*,  and  -17  were  not  effec¬ 
tive  for  sinking  oil  7  (lube  oil)  at  4o  F  in  thicknesses  of  0.10  and 
0.15  in.,  (d)  SOM-U  was  not  effective  in  sinking  oil  7  (lube  oil)  in  any 
of  the  three  thicknesses  used,  and  (e)  SOM-13  was  not  effective  in  sink¬ 
ing  oil  (diesel  oil)  at  1*0  F. 

Short-term  tests  at  60  F 

37.  The  sinking  efficiency  of  all  of  the  materials  was  determined 
at  60  +  2  F  using  one  thickness  (0,05  in.)  of  five  unweathered  oils 
(oils  1,  2,  1*,  6,  Sind  7).  The  oil:S0M  ratios  obtained  in  these  115 
tests  are  given  in  table  10.  Some  of  *-hese  tests  (1*5  of  the  115  tests) 
had  been  previoijsly  conducted  in  the  tests  described  in  paragraph  35  and 
were  therefore  not  repeated. 


38-  Some  of  the  naterials  did  not  meet  tiie  minimum  test  require¬ 
ments  for  sinking  a  given  oil;  some  materials  did  not  meet  the  test  re¬ 
quirements  for  sinking  amy  of  the  oils  (SOl'4-5,  -8,  and  -9)  and  therefore 
cannot  be  classed  as  sinking  agents,  but  have  to  be  classed  as  sorbents 
for  the  pvuposes  of  the  materials  evaluations.  Some  materials  met  the 
minimum  requirements  for  the  test  but  had  excessive  oil  release  within 
15  minutes.  This  excessive  oil  release  was  noted  and  the  materieils 
which  exhibited  this  release  are  not  considered  to  be  satisfactory  as  a 
sinking  agent  for  the  particular  oil  at  this  ten5)erature . 

39.  The  oil: SOM  ratios  obtained  ranged  as  follows  for  materials 
which  performed  satisfactorily: 

Oil  1  O.ll*  (for  SOI-i-20)  to  1.00  (for  SOM-1 ) 

Oil  2  0.29  (for  S0?^-13)  to  0.93  (for  SOM-IT) 

Oil  U  0.20  (for  S0!-I-13)  to  1.82  (for  SOM-Ji) 

Oil  6  0.29  (for  SOI4-23)  to  1.00  (for  SOM-15) 

Oil  7  0.21  (for  S0M-20)  to  1.10  (for  SOr-I-l) 

i>0.  The  following  materials  did  not  perform  satisfactorily  with 
the  oils  shovrn  below: 


Oil 

1 

SOMr-2,  -It,  -5,  • 

Oil 

2 

SOJ-5-2,  -It,  -5,  • 
-20,  -21,  -23 

Oil 

k 

SOM-2,  -5,  -7,  ■ 
-21,  -23 

Oil 

6 

S0?^-1,  -2,  -3,  • 
-11,  -12,  -Ut 

Oil 

7 

S0^^-2,  -U,  -5,  • 
-17,  -18,  -19 

^1.  On  the  basis  of  the  6o  F  sinning  efficiency  tests,  the  follow¬ 
ing  six  materials,  for  th3  pi^rposes  of  this  evaluation,  cannot  be  classi¬ 
fied  as  sinkir.g  agents  for  a»iy  of  these  five  oils:  SOM-2,  -5,  -8,  -9, 
-10,  -13. 

Long-term  tests  at  6o  ? 

^2.  In  ordti  to  develop  more  information  about  the  sinking 
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eiriciency  oi  tne  test  materials  as  suggested  by  Poraes  at  the  1971  con¬ 


ference  on  prevention  an ’  control  of  oil  spills ,  an  additional  19  tests 
were  conducted  at  60  +  2  F  using  an  oil  thickness  of  0.05  in.  Ten  SOM's 
and  five  oils  were  used  in  these  tests,  which  were  conducted  by  the  Ap¬ 
pendix  B  test  method,  and  oil  release  was  measured,  using  a  glass  funnel 
with  a  graduated  stem,  for  periods  up  to  42  days.  The  results  of  these 


tests  are  shown  in  table  11.  The  test  results  indicate  the  relative  ef¬ 


fectiveness  of  the  SOM's  tested  with  the  particular  oil  used.  Four  ma- 
terisLLs  ■tdiich  had  excessive  oil  release  in  the  short-term  sinking  effi¬ 
ciency  tests  were  tested  in  these  long-term  tests  and  each  had  consider¬ 
able  additioned.  amounts  of  oil  released  during  the  longer  period;  this 


resulted  in  further  diminution  of  the  oil: SOM  ratios  as  shown  below: 


Materials 


Short-Term  Test 
Oil: SOM  Ratio 


Long-Term  Test 
Oil: SOM  Ratio 
(at  k2  d^s) 


SOM-7  with  oil  U 
SOM-7  with  oil  6 


SOM-11  with  oil  7 


SOM-17  with  oil  7 


Note*  +  means  excessive  oil  release  within  15  min 
after  test. 


bion  Capabilitj 


1*3.  Dynamic  retention  capability  tests  were  conducted  in  accord¬ 
ance  with  the  test  methods  given  as  Appendixes  C  and  D  except  that  fresh 


water  was  used  in  all  tests.  Tliese  tests  are  disc\issed  in  the  succeed¬ 


ing  paragraphs,  and  test  results  are  presented  in  table  12  and  plate  5. 


20-hr  tests  with  oil  1 


Itl*.  Laboratoiy  ests  were  conducted,  using  the  Appendix  C  test 
method,  to  determine  the  20-hr  dynamic  retention  capability  of  six  SOM's 
with  oil  1  (unweathered).  The  circular  channel  was  filled  with  fresh 
water  and  adjusted,  using  necessary  baffles,  to  give  an  average  ciirrent 
velocity  (fi*om  velocity  profile)  of  0.55  f^s  (0.32  knot)  before  the 
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oil; SOM  mass  was  added  to  the  moving  channel.  The  necessary  oil  collec¬ 
tions  and  calculations  were  made  using  the  Appendix  D  test  method  to  de¬ 
termine  the  volatile  loss-time  characteristics  of  oil  1  retained  on 
gl6iss  wool.  The  initial  and  20-hr  oilrSOM  ratios  obtained  in  this 
series  of  tests  are  given  in  table  12  (see  also  figs,  a  through  f  of 
plate  5).  The  initial  oil: SOM  ratios  used  were  governed  by  the  amount 
of  oil  absorbed  by  each  material  and  varied  for  each  of  the  six  mate¬ 
rials.  Twenty-hr  oilrSOM  ratios  obtained  varied  from  O.lU  for  SOM-17  to 
1.56  for  SOM-1. 

Additional  tests 

U5.  Four  additional  dynamic  retention  capability  tests  were  con¬ 
ducted  (using  applicable  provisions  of  Appendixes  C  and  D  test  methods) 
with  the  following  parameters: 


Oil  Sinking 
Material 

Bottom  Material 

Oil 

No.* 

Average  Cur¬ 
rent  Velocity 
fps  (knots ) 

SOM-11 

Gravel  (l-in. 
max.  size) 

1 

0.55 

(0.32) 

SOM-11 

Mud  (moist  earth) 

1 

0.55 

^0.32) 

SOM-11 

Fine  sand 

1 

0.36 

(0.21) 

SOM-11 

Fine  sand 

7 

0.55 

(0.32) 

*  Oils  were  xanweathered. 


These  tests  were  conducted  to  demonstrate  that  the  'ise  of  a  different 
oil,  another  current  velocity,  or  a  different  bottom  material  would  in¬ 
fluence  the  oilrSOM  ratio  obtained  so  the  same  oil  sinking  material 
(SOM-ll)  was  xised  in  all  four  of  the  tests  and  the  data  are  given  in 
table  12  and  figs,  g  through  j  of  plate  5. 

k6.  The  data  reveal  that  under  the  conditions  of  the  tests  SOM-11 
(a)  is  more  effective  with  oil  1  (north  Louisiana  crude  oil)  than  with 
oil  7  (lube  oil),  (b)  is  more  effective  at  a  current  velocity  of  0.36  f)ps 
than  at  a  current  velocity  of  0.55  I'ps,  (c)  is  more  effective  on  a  gravel 
bottom  than  on  a  fine  sand  or  mud  bottom,  and  (d)  is  more  ei'fective  on  a 
mud  bottom  than  on  a  fine  sand  bottom. 
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PART  V:  COMPARISONS  BASED  ON  TEST  RESULTS 

kT,  The  oi]  sinking  materials  were  ranked  based  on  the  results  of 
the  laboratory  tests  conducted.  The  materials  were  ranked  in  each  of 
the  tests  in  numerical  order  from  best  to  worst.  In  some  tests,  however, 
only  selected  materials  were  used  and  consequently  rankings  are  avail¬ 
able  for  only  those  materials  which  were  actually  tested. 

Tests  of  All  23  Materi'  Is 


1*8.  Only  xwo  of  the  laboratory  tests  conducted  included  all  23  of 
the  oil  sinking  materials;  these  were:  l8-hr  optimum  oil  retention  po¬ 
tential  tests,  and  short-term  sinking  efficiency  tests  at  6o  F  using  an 
oil  thickness  of  0.05  in.  The  materisils  are  rated  for  these  two  tests 
both  by  type  of  oil  and  on  an  overall  basis  as  shown. 

Relative  effectiveness  in  retaining  oil 


lt9.  Table  13  gives  the  ratings  as  determined  by  the  l8-hr  optimum 
oil  retention  potential,  test  and  is  an  indication  of  the  relative  effec¬ 
tiveness  of  each  material  in  retaining  oil  while  submerged  under  the 
conditions  of  the  test.  The  higher  the  oil: SOM  ratio  obtained  in  the 
test,  the  hi^er  the  rating. 

Relative  effectiveness  in  sinking  oil 

50.  Table  ll»  rates  all  of  the  materials  as  determined  by  the 
short-term  sinking  efficiency  test  (conducted  at  6o  F  using  an  oil  thick 
ness  of  0.05  in- ).  Ratings  are  based  oi  oil:S0M  ratio  and  behavior  of 
the  ma'^erieds  during  the  test  and  indicate  the  relative  effectiveness  of 
a  material  in  sinking  oil  lander  the  conditions  of  the  test. 

Tests  of  Selected  Materials  Only 


51.  The  relative  ratings  of  the  11  selected  materials  tested  in 
the  long-term  optimum  oil  retention  potential  tests  (table  7)  are  given 
in  table  15. 

52.  The  relative  ratings  of  the  selected  materials  tested  for 


ie 


long-term  sinking  efficiency  at  6c  F  (table  11)  are  shown  below: 

With  oil  1  (at  60  F,  oil  thickness  0.05  in.)  after 
k2  days: 

SOM-11  >*  SOM-13 

b.  With  oil  2  (at  60  F,  oil  thickness  0.05  in.)  after  7  days; 
Material:  SOM-1  =  SOM-17  >  SOM-11  >  SOM-lU  '  SOM-3  >  SOM-13  >  SOM-22 
Rating:  1.5  1-5  3  ^  5  d  T 

c_.  With  oil  1*  (at  60  F,  oil  thickness  0.05  in.)  after 
k2  days: 


SOM-7  >  SOM-13 

d.  With  oil  6  (at  60  F,  oil  thickness  of  0.05  in.)  after 
2  days; 

Material:  SOM-15  >  SOM-22  >  SOM-13  =  SOM-16  >  SOM-7 

Rating:  1  2  3.5  3.5  5 

e^.  With  oil  6  (at  60  F,  oil  thickness  of  0.05  in.)  after 
k2  days; 

Material:  SOM-22  >  SOM-7  >  S0M.-13 
Rating:  1  23 

With  oil  7  (at  60  F,  oil  thickness  of  0.05  in.)  after 
U2  days; 

Material:  SOM-11  >  SOM-17  >  SOM-13 
.Rating:  12  3 

53.  The  relative  ratings  of  the  nine  selected  materials  tested 
for  sinking  efficiency  at  three  teii5)eratvires  (table  8)  are  given  in 
table  l6. 

5^.  The  relative  ratings  for  the  six  selected  materials  tested 
for  dynamic  retention  capability  (table  12)  are  given  belccf: 


Material _ 

Description 


SOM-1 

SOI-5-11 

SOM-3 

SOhi-7 

SOMi-13 

SOM-17 


Barite 


Ceiuent 

byproduct 


Rating  with  Low-Viscosity 
Crude  Oil  (Oil  1)  (After 
20  hr  of  Dynamic  Test) 


*  >  =  better  than. 


Classification  of  Materials 


55.  In  the  previous  paragraphs  the  oil  sinking  materials  were 
ranked  with  respect  to  each  other  on  the  oasis  of  the  laboratory  tests. 
These  con^iarative  ratings  are  merely  rankings  and  do  not  indicate 
whether  or  not  a  material  is  effective  as  a  sinking  agent  for  a  given 
oil  or  oils.  A  further  classification  is  needed  to  provide  this  infor¬ 
mation.  Three  categories  were  used  to  group  materials  with  respect  to 
performance  with  a  given  oil  or  oils. 

a.  A  material  that  sorbed  (adsorbed  and/or  absorbed)  oil  and 
was  effective  in  sinking  the  oil  was  classified  as  a 
"sinking  agent." 

b.  A  material  that  sorbed  oil  but  was  not  effective  in  sink¬ 
ing  the  oil  was  classified  as  a  "sorbent." 

A  material  that  did  not  adsorb  or  absorb  oil  was  classi¬ 
fied  as  a  "nonsoibent." 

Paraffinic-based  low-viscosity  crude  oil  (oil  l) 

56.  The  23  materials  were  classified  as  follows  with  respect  to 

oil  1: 

a.  Sinking  agents:  SOM-1,  -3,  -6,  -7,  -11,  -12,  -13,  -1^, 

“■  -15,  -16,  -17,  -19,  -20,  and  -22 

b.  Sorbents:  SOM-2,  -1»,  -5,  -8,  -9,  -10,  -I8,  -21,  and  -23 
£.  Nonsorbents:  None 

Naphthenic-based  low- viscosity  crude  oil  (oils  2  and  3) 

57.  Classifications  for  oils  2  and  3  are  shown  below: 

a.  Sinking  agents:  SOM-1,  -3,  -6,  -7,  -11,  -12,  -13,  -1^*, 

-15,  -17,  and  -22 

Sorbents:  SOM-2,  -1*,  -5,  -8,  -9,  -10,  -I6,  -I8,  -19, 

-20,  -21,  and  -23 

c^.  Nonsorbents :  None 

Diesel  oil  (oil  h) 

58.  The  23  materials  were  class:.fied  with  oii  k  as  follows: 

a.  Sinking  agents:  SOM-1,  -3,  -k,  -6,  -11,  -12,  -ik,  -I5, 

-16,  -17,  and  -22 

b.  Sorbents:  SOI-5-2,  -5,  -8,  -10,  -13,  -I8,  -19,  -20, 

-21,  and  -23 

c.  Nonsorbents:  SOM-9 
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59-  The  23  materials  were  classified  as  follows  with  respect  to 


oil  6: 

a.  Sinking  agents:  S0^^-13,  -15,  -l6,  -19,  -21,  -22,  and  -23 

b.  Sorbents:  SOM-1,  -2,  -3,  -U,  -5,  -6,  -7,  -8,  -9,  -10, 

-11,  -12,  -lit,  -17,  -18,  and  -20 

c.  Nonsorbents:  None 


L^^be  oil  (oil  7) 

60.  Classifications  for  oil  7  are: 

a.  Sinking  agents:  S0?'<-12,  -13,  -15,  -l6,  -20,  and  -22 

b.  Sorbents:  SOM-1,  -2,  -3,  -It,  -5,  -6,  -7,  -8,  -9,  -10, 

-11,  -lit,  -17,  -18,  -19,  -21,  and  -23 
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PART  VI:  FINAL  ASSESSMENT  OF  SINIdNG  AGENTS 

62.  In  paragraphs  56-61,  certain  materials  were  designated  as 
sinking  agents  for  the  various  oils  on  the  basis  of  the  laboratory  tests 
conducted.  All  materials  were  not  tested  in  sQ.1  tests  and  for  this  rea¬ 
son,  before  a  final  evaluation  of  materials  was  made,  it  was  necessary 
to  further  group  the  materials  so  that  they  would  be  assessed  properly. 

63.  For  the  purpose  of  a  final  evaluation  of  the  materials,  the 
sinking  agents  were  divided  into  two  types: 

a.  All-season  type.  Those  sinking  agents  which  were  tested 
for  sinking  efficiency  at  three  tenqjeratures  (Uo,  60,  and 
80  F)  and  found  to  be  effective.  This  range  of  tempera¬ 
tures,  Uo  to  80  F,  enconpasses  the  total  temperature 
range  for  which  sinking  agents  are  ejected  to  be  used 
and  therefore  this  type  has  been  designated  "all-season." 

b.  Provisional  type.  Tnose  sinking  agents  which  were  tested 
for  sinking  efficiency  at  one  temperature  (60  F)  only  and 
found  to  be  effective.  These  agents  have  to  be  regarded 
as  provisional  or  potential  sinking  agents  since  they 
need  further  evaluation. 

61*.  In  the  laboratory  tests,  nine  materials  were  evaluated  for 
effectiveness  as  all-season  sinking  agents,  while  the  other  lU  materials 
were  evaluated  as  provisional  sinking  agents.  In  addition,  in  order  to 
designate  which  material  is  the  best  sinking  agent  for  each  of  the  two 
types  for  a  particular*  oil  or  oils  it  was  necessary  to  consider  avail¬ 
ability,  cost,  and  hazards  to  personnel  as  well  as  all  laboratory 
ratings.  On  these  bases,  final  ratings  of  the  sinking  agents  were  made 
end  these  are  given  in  subsequent  paragraphs  and  summarized  in  table  17. 


Sinking 


rents  for  Oil  1 


65.  Fourteen  materials  were  identified  as  sinking  agents  for 
oil  1  (paraffinic-based  low-viscosity  crude  oil);  these  were  classified 


as  follows: 


a.  All-season  sinking  agents:  SOM-1,  -3,  -11,  -13,  -ili, 

-17,  and  -22 

b.  Provisional  sinking  agents:  SOM-6,  -7,  -12,  -15,  -I6, 
-19,  and  -20 
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All-seeison  agents 

66.  Information  about  all-season  sinking  agents  for  oil  1  is 
given  below: 

Compara¬ 
tive 
Rank  in 
Laboratory 


Mate¬ 

Sinking 

Treatment 

Final 

rial 

Efficiency 

Avail¬ 

Plant 

Personnel 

Overeill 

No. 

Tests 

able? 

Required? 

Hazards 

Cost/Ton 

Ranking 

SOM-1 

1 

No 

Yes 

Least 

hazardous 

$ll»0 

k 

SOM-3 

3.5 

Yes 

No 

Least 

hazardous 

60 

2 

SOM-11 

2 

Yes 

No 

Least 

hazardous 

35 

1 

SOM-13 

7 

Yes 

No 

Possible 

danger 

75 

7 

SOM-lU 

3.5 

No 

Yes 

Possible 

danger 

100  (est. ) 

5 

SOM-17 

5 

Yes 

No 

Possible 

danger 

100  (est. ) 

- 

SOM-22 

6 

No 

Yes 

Possible 

danger 

75 

6 

From  the  above,  S0I<I-11,  hydrated  magnesium  aluminum  silicate,  was  the 
best  all-season  sinking  agent  for  oil  1  since  it  is  available  in  quan¬ 
tity  at  the  leeist  cost,  is  rated  as  "least  hazardous,"  and  performed 
well  in  the  laboratory  tests. 

Provisional  agents 

67.  Information  about  the  provisional  sinking  agents  for  oil  1  is 
given  below: 

Conpara- 
tive 
Rank  in 
Laboratory 


Mate¬ 

Sinking 

Treatment 

Final 

rial 

Efficiency 

Avail¬ 

Plant 

Personnel 

Overall 

No. 

Tests 

able? 

Required? 

Hazards 

Cost /Ton 

Ranking 

SOM-6 

2 

Yes 

No 

Least 

hazardous 

$120  (est.) 

3 

SOM-7 

3 

Yes 

No 

Least 

hazardous 

hi 

2 

(Continued) 
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Con5)ara- 
tive 
Rank  in 
Laboratory 


Mate¬ 

Sinking 

Treatment 

Final 

rial 

Efficiency 

Avail¬ 

Plant 

Personnel 

Overall 

No. 

Tests 

able? 

Required? 

Hazar'^s 

Cost /Ton 

Ranking 

SOM-12 

1 

Yes 

No 

Least 

hazardous 

$  20  (est. ) 

1 

SOM-15 

It 

No 

Yes 

Possible 

danger 

100  (est.) 

6 

SOM-16 

5 

No 

Yes 

Possible 

danger 

75  (est.) 

7 

SOM-19 

6 

Yes 

No 

Possible 

danger 

36 

It 

S0M-20 

7 

Yes 

No 

Possible 

danger 

36 

5 

SOM-12,  a  natiiral  clay,  w£is  rated  as  the  best  provisional  sinking  agent 
for  oij  1  and  would  be  the  choice  for  further  evalixation  since  it  is 
available  in  quantity  at  the  least  cost,  is  rated  as  "least  hazardous," 
and  performed  well  in  the  laboratory  tests  that  were  conducted. 


Sinkinc 


mts  for  Oils  2  and  3 


68.  Eleven  materials  were  identified  as  sinking  agents  for  oils  2 
and  3  (naphthenic-hased  low- viscosity  crude  oils);  these  were: 

a.  All-season  sinking  agents:  SOM-1,  -3,  -11,  -13,  -l^t,  -17, 

and  -22 

h.  Provisional  sinking  agents:  SOM-6,  -7,  -12,  and  -15 
All-seaison  eigents 

69.  Information  about  the  seven  all-season  sinking  agents  in  re¬ 
gard  to  availability,  cost,  and  hazards  is  identical  with  the  ‘nforma- 
tion  given  in  the  tabulation  in  paragraph  66,  Other  informat:  1  is: 


Material  No. 
SOM-1 
SOM-3 
SOM-11 


Con?)arative  Rank  in  Final 

Laboratory  Sinking  Overall 

Efficiency  Tests  Ranking 


(Continued) 
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Material  Ho. 
SOM-13 
SOM-llt 
SOM-17 
SOM-22 


Conparative  Rank  ir. 
Laboratory  Sinking 
Efficiency  Tests 


Final 

Overall 

Rankinit 


SOM-11,  hydrated  magnesium  aluminum  silicate,  was  the  best  all-season 
sinking  agent  for  oils  2  and  3  when  all  factors  are  considered. 
Provisional  agents 

70.  The  final  overall  ranking  of  the  four  provisional  sinking 
agents  for  oils  2  and  3,  considering  laboratory  tests,  availability, 
cost,  and  hazards,  is  as  follows: 


Comparative  Rank  in 
Laboratory  Sinking 


Final 

Overall 


Material  No. 

Efficiency  Tests 

Rankini 

SOM-6 

It 

3.5 

SOM-7 

2.5 

2 

SOM-12 

1 

1 

SOM-15 

2.5 

3.5 

The  natural  clay,  SOM-12,  was  rated  as  the  best  provisional  sinking 
agent  for  oils  2  and  3. 


Sinking  Agents  for  Oil  h 


71.  Eleven  materials  were  identified  as  sinking  agents  for  diesel 
oil  (oil  h).  These  were: 


a.  All-season  sinking  agents:  SOM-1,  -3,  -It,  -11,  -l4,  -17, 

and  -22 


Provisionsd  sinking  agents:  SOM-6,  -12,  -15,  and  -l6 


All-s°ason  agents 

72.  Information  about  the  all-season  sinking  agents  for  oil  U  is 
tabulated  below: 


■ikB 
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il 


Conpara- 
tive 
Rank  in 
Laboratory 


Mate  - 
rial 

Sinking 

Efficiency 

Avail¬ 

Treatment 

Plant 

Personnel 

Final 

Overall 

No. 

Tests 

able? 

Required? 

Hazards 

Cost /Ton 

Ranking 

SOM-1 

2 

No 

Yes 

Least 

hazardous 

$ll+0 

5 

SOM-3 

5 

Yes 

No 

Least 

hazardous 

60 

3 

30M-h 

1 

Yes 

No 

Least 

hazardous 

120 

2 

SOM-11 

k 

Yes 

No 

Least 

hazardous 

35 

1 

SOM-lh 

6 

No 

Yes 

Possible 

danger 

100 

(est. ) 

6 

SOM-17 

3 

Yes 

No 

Possible 

danger 

100 

(est. ) 

U 

SOM-22 

7 

No 

Yes 

Possible 

danger 

75 

7 

The  best  all-season  sinking  agent  for  oil  U  based  on  all  factors  was 
SOM-11,  hydrated  magnesium  aluminum  silicate. 

Provisional  agents 

73.  Rankings  for  the  provisional  sinking  agents  for  oil  U  axe: 


Material  Ho. 
SOM-6 
SOM-12 
SOM-15 
SOM-16 


Conqparative  Rank  in  Final 

Laboratory  Sinking  Overall 

Efficiency  Tests  Ranking 


Ranking 

2 

1 

3 

k 


Conpjarisons  of  the  availability,  cost,  and  hazards  of  these  four  mate¬ 
rials  were  given  in  paragraph  6?.  The  natural  clay,  SOM-12,  was  -rated 
as  the  best  provisional  sinking  agent  for  oil  U  and  would  be  the  choice 
for  fiorther  evaluation. 

Sinking  Agents  for  Oil  6 

Ih.  Only  seven  materials  were  identified  as  sinking  agents  for 
oil  6  (hi^- viscosity  crude  oil);  these  were: 


a.  All-season  sinking  agents:  SOK-13  and  -22 

b.  Provisional  sinking  agents:  SOM-15,  -l6,  -19,  -21, 

and  -23 

All-season  agents 

75*  Both  all-season  sinking  agents  for  oil  6,  301-1-13  and  -22, 
were  treated  sands  and  both  have  a  cost  per  ton  of  approximately  $T5. 

The  laboratory  performances  of  these  two  agents  were  essentially  equal, 
but  since  SOM-13  is  now  available  and  SOM-22  is  not,  SOM-13  has  to  be 
rated  as  the  '  atter  of  the  two  materials  x'or  oil  6  when  all  factors  are 
considered. 

Provisional  ageiits 

76.  Information  about  the  provisional  sinking  agents  for  oil  6  is 
given  below: 


Mate¬ 
rial 
JJOi  — 

CoB5)6ira- 

tive 

Rank  in 
Laboratory 
Sinking 
Efficiency 
Tests 

Avail- 

sble? 

Treatment 

Plant 

Regitired? 

Personnel 

Hazards 

Pinal 
Overall 
Cost/Ton  Ramking 

SOM-15 

1 

No 

Ye-s 

Possible 

danger 

$100  (est.)  3 

SOM-16 

2 

No 

Yes 

Possible 

danger 

75  (est.)  it 

SOM-19 

- 

Yes 

No 

Possible 

danger 

36  1 

GOM-21 

Yen 

No 

Possible 

<^anger 

itO  2 

SCM-23 

5 

Yes 

No 

Possible- 

danger 

56  5 

SOM-19, 

a  sand  treated  with 

a  proprietary  chemical. 

was  rated  as  the 

best  of  the  provisional  sinking  agents  for  oil  6  principally  because  of 


its  availability  at  low  cost,  and  would  b?  the  choice  for  further 
evaluation . 

Sinking  Agents  fnr.Oil  7 

77.  Six  materials  wore  identified  as  sinking  agents  for  li&e  oil 
(oil  7);  these  were: 
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a.  AU-seasou  sinking  agents:  SOM-13,  and  -22 

b.  Provisional  sinking  agents:  SOM-12,  -15,  -l6,  and  -20 
All-season  agents 

78.  The  two  all-season  sinking  agents  for  lube  oil  (oil  7)  were 
ranlted  as  follows: 


Material  No. 
SOM-13 
SOM-22 


Conqiarative  Rank  in  Final 

Laboratory  Sinking  Overall 

Efficiency  Tests  Ranking 


SOM-13,  a  carbonized,  cheialcally  coated  ssind,  was  rated  as  the  better 
all-season  sinking  agent  for  oil  7  since  it  is  now  available  and  all 
other  considerations  are  essentially  ecjual  between  the  two  loaterials . 
Provisional  agents 

79.  Information  about  the  provisional  sinking  agents  for  l\ibe  oil 
(oil  7)  is  given  below: 

Con5)ara- 
tive 
Rank  in 
Laboratory 


Mate¬ 

rial 

No. 

Sinking 

Efficiency 

Tests 

Avail¬ 

able? 

Treatment 

Plant 

Required? 

Personnel 

Hazards 

Cost /Tor. 

Fintil 

Overall 

Ranking 

SOM-12 

1 

Yes 

No 

Least 

$  20 

(est. ) 

1 

SOM-15 

2 

No 

Yes 

hazardous 

Possible 

100 

(esx. ) 

3 

SOi/i-16 

3 

No 

Yes 

danger 

Possible 

75 

(est. ) 

U 

SOM-20 

h 

Yes 

No 

danger 

Possible 

36 

2 

dange" 

Tbs  natural  clay,  SOM-12,  was  rated  es  the  best  provisional  sinP.ing 
agent  for  oil  7  when  all  factors  were  considered. 


Sinking  Agents  for  All  Oils  Tested 

80.  Only  two  materials,  SOM-15  and  -22,  were  identified  as 
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sinking  agents  for  all  six  oils  (oils  3,  2,  3,  U,  6,  and  ?)•  SOM-22  is 
an  all-season  sinking  agent  while  SOl'J-15  io  a  provisional  sinking  agent. 
Neither  of  these  materials  is  available  in  quantity  at  the  present  time. 

Available  A3.1-Season  Sinking  Agents 


8l.  At  the  present  time,  if  the  need  ^rose  for  a  iry-applioation 
ail-season  sinking  agent  to  clean  up  a  massive  oil  spill,  the  choice 
would  be  :estricted  to  five  sinking  agents:  SOM-3,  -^,  -11,  -13,  and 
-IT*  These  are  the  only  WiSS-tested  all-season  sinlcing  agents  which  are 
now  available.  The  final  choice  of  which  of  these  sinking  agents  to  iise 
would  be  governed  by  the  kind  of  oil  spilJen  anl  other  factors  not  dealt 
with  in  this  report. 

a.  If  the  oil  was  a  low-viscosity  crude  oil  (oils  1,  2, 
or  3),  the  choices  available  would  be; 


Material 

No. 

SOM-11 

SOM-3 

SOH-17 

SOM-13 


_ Material  Description _ 

Hydrated  mr,gnesium  aluminum  silicate 
A  natural  clay 
Cement  nj'product 
Treated  sand 


Final  Overall 
Ratiking  as 
All-Season 
Sinking  Agent 


b.  If  the  oil  vas  a  diesel  oil  (oil  1),  the  choices  avail¬ 
able  would  be* 


Maierial 

No. 


Material  Description 


SOi'^-11  Ifydrated  magnesium  alcminum  silicate 

SOM-U  Untreated  talc 

SOM- 3  A  natural  c.lay 

SOM-17  Cement  bj'P'roduct 


Final  Overall 
Ranking  as 
Ail-Season 
oinking  Agent 


£.  If  the  oil  was  a  hi, ^-viscosity  crude  oil  (oil  6)  or  a 
lube  oil  (oil  7<  the  choice  would  be  SOM-13,  a  ,arbon- 
izad,  chemically  coated  sand. 
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PART  VII:  CONCLUSIONS  AND  RECOI-MENDATIONS 


Conel\isions 

82.  Based  on  the  restilts  of  the  literature  survey,  information 
supplied  by  the  manufacturers,  and  the  laboratory  tests  conducted,  the 
23  mteriails  offered  by  manufacturers  have  been  assessed  and  rated 
herein  as  sinking  agents  for  dry  application.  Eight  materials  have  been 
identified  as  dry-application  all-season  sinking  agents  for  one  or  more 
oils  (see  table  17).  In  addition,  nine  materials  were  identified  as 
dry-application  provisional  sinking  agents  for  one  or  more  oils  (see 
table  17).  One  material  was  identified  as  a  dry-application  all-season 
sinking  agent  for  all  of  the  oils  tested,  and  one  material  was  a  dry- 
application  provisional  sinking  agent  for  all  oils. 

83.  From  the  laborauory  tests  of  the  oil  sinking  materials,  the 
follov'ing  additional  concl\;isions  can  be  drawn: 

a.  The  ttst  method  (Appendix  A)  for  determination  of  optimum 
oil  retention  potential  provides  a  means  for  determining 
the  amount  of  cil  which  an  oil  sinking  material  can  ad¬ 
sorb  or  absorb  under  optimum  conditions.  This  test  does 
not  indicate  how  effective  a  material  is  in  sinking  oil 
and  therefore  the  test  data  obtained  do  not  correlate 
with  test  data  collected  from  the  sinking  efficiency  test. 
Long-term  optimum  oil  retention  potential  tests  appear  to 
be  needed  for  tests  with  oils  of  absolute  viscosity 
greater  than  100  cp  (oils  6  and  7),  while  the  short-term 
(xtp  to  2k  hr)  tests  are  apparently  sufficient:  for  the 
lifter  oils  (oils  1,  2,  3,  and  U). 

The  sinking  efficiency  test  (Appendix  B)  furnishes  a 
means  for  evaluating  the  oil  sinking  efficiency  of  an  oil 
sinking  material  and  appears  to  be  a  most  useful  test. 

Tlie  effectiveness  of  a  sinking  agent  depends  on  (l)  the 
SOM  used,  (2)  the  oil  used,  (3)  the  tenqperature .  and 
(i*)  the  oil  thickness.  Sinking  efficiency  is  .  pparently 
generally  not  proportional  to  tenperature  (which  defines 
the  viscosity  and  specific  gravity  of  the  materials)  or 
oil  thickness  but  possibly  depends  on  the  surface  tension 
considerations  of  the  particialar  system  being  used  as 
well  as  the  tfemperat\ire  and  the  oil  thickness.  The  data 
STxggest  that  the  sinking  efficiency  test  should  be  length¬ 
ened  to  include  measurement  of  oil  release  up  to  at  It.  :st 
2-  hr  when  using  the  less  viscous  oils  (oils  1,  2,  3, 
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and  h)  and  for  longer  periods  for  the  more  viscous  oils 
(oils  6  and  7)« 

£.  The  dynamic  retention  capability  test  (Appendix  C)  can  be 
used  to  determine  the  effect  of  currents  and  bottom  con¬ 
dition  on  the  amount  of  oil  retained  by  a  given  sinking 
agent.  Funding  and  time  limitations  prevented  a  more 
con5)rehensive  study  of  this  test  and  the  accmnulation  of 
more  test  data  on  the  oil  sinking  mater?.als  themselves. 
The  test  results  obtained  in  the  10  tests  vhich  were  per¬ 
formed  indicate  that  retention  capability  can  be  signifi¬ 
cantly  affected  by  (l)  sinking  agent,  (2)  oil  used,  (3) 
current  velocity,  and  (U)  bottom  material.  The  tests 
conducted  suggest  that  a  sinking  agent  may  be  more  effec¬ 
tive  on  a  gravel  bottom  than  on  a  mud  or  sand  bottom  when 
you  have  appreciable  currents;  also,  less  oil  is  released 
when  the  bottom  material  is  mud  than  when  the  bottom  ma¬ 
terial  is  sand.  Also,  in  two  of  the  dynamic  retention 
capability  tests  (see  plates  3c  and  5e),  a  sand  bottom 
materiiil  increased  the  effectiveness  of  the  sinking  ag  -  " 
even  though  a  current  of  0.55  fps  was  en5)loyed.  The  sajid 
on  the  bottom  evidently  retained  some  of  the  oil,  thus 
preventing  its  release  to  the  surface.  This  did  not 
occur  in  any  of  the  other  retention  capability  tests,  as, 
in  genersLl,  oil: SOM  ratio  decreased  with  increasing  cur¬ 
rent  velocity. 

d.  Three  of  the  types  of  materials  tested,  i.e.,  talc,  as¬ 
bestos,  and  chalk,  are  generally  not  satisfactory  as  dry- 
application  sinking  agents.  These  materials  are  usually 
good  sorbents  for  oil  but  will  not,  in  most  cases,  sink 
the  oil. 

e_.  Treated  sands  and  treated  fly  ash  do  not  absorb  and/or 
adsorb  much  oil  but  some  do  act  as  sinking  agents  when 
^plied  dry  to  floating  oil. 

f^.  Some  naturally  occurring  clays  can  be  utilized  as  dry- 
application  sinking  agents  but  they  generally  release 
considerable  oil  over  a  period  of  time. 

Special  materials  such  as  cement  byi-roduct  and  latex 
coated  barite  can,  in  some  cases,  be  utilized  as  dry- 
application  sinking  agents  for  certain  oils  but  are 
rather  expensive. 

h.  The  heavier,  more  viscous  oils  (oils  6  and  7)  are  gener¬ 
ally  more  difficult  to  sink  by  dry  application  of  sinking 
agent  than  are  the  lighter,  less  viscous  oils  (oils  1,  2, 
3,  and  1|). 

81*.  It  is  en5)hasized  that  the  assessments  given  in  this  report 
are  based  on  current  knowledge  of  the  materials  tested  and  on  the  re¬ 
sults  of  the  tests  conducted. 
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85.  It  would  be  extremely  useful  amd  desirable  to  evaluate  a  po¬ 
tential  oil  sinking  material  by  means  of  a  single  test.  Such  a  test 
wovild  allow  industry  to  screen  the  potential  of  their  own  materials. 

86.  It  is  believed,  or.  the  basis  of  the  laboratory  tests  con¬ 
ducted,  that  the  sinking  efficiency  test  (Appendix  B)  would  serve  as 
this  index  or  screening  test  and  it  is  reconisended  that  it  be  adopted  as 
the  screening  test  for  oil  sinking  materials.  The  residual  error  of 
this  test  has  been  determined  (see  paragraph  35)  and  modifications  could 
be  made  to  inprove  this  testing  error  if  desired. 

87.  It  is  recommended  that  the  Appendix  B  sinking  efficiency  test 
(amended  to  include  15-min  period  in  which  oil  release  is  measured)  be 
used  to  screen  potential  oil  sinking  materials  by  determining  the  sink¬ 
ing  efficiency  of  the  test  material  with  oil  6  (hif^-viscosity  crude 
oil)  at  60  +  2  F.  Materials  which  can  sink  oil  6  under  these  conditions 
have  the  potentieil  for  being  a  dry-application  all-season  sinking  agent 
for  most  oils.  It  is  noted  that  only  7  of  the  23  materisLLs  tested  in 
this  study  would  pass  this  initial  screening  test.  Fixrther  tests  could 
then  be  conducted  on  materials  which  pass  the  initial  screening  test  to 
fully  evaluate  each  material  for  all  test  oils. 

88.  The  methods  of  test  developed  during  this  investigation  and 
presented  herein  do  not  encompaiss  all  of  the  many  parameters  which 
should  be  examined.  Such  an  elaborate  undertaking  would  have  required 
time  and  financial  svqjport  many  times  the  magnitude  of  those  available 
to  this  study.  Further  investigation  is  therefore  reconinended  in  che 
following  areas: 

a.  Effects  of  variation  in  pressure  on  the  behavior  of  sub¬ 
merged  oil-sinking  agent  masses.  This,  it  seems,  would 
be  i!i5)erative  as  the  National  Contingency  Plan  limits  use 
of  sinking  eigents  to  areas  where  depths  are  greater  than 
or  equal  to  100  meters. 

b.  Effects  of  variation  in  tenqperature ,  ocean  floor  topog¬ 
raphy,  nature  of  fluid  c\u:rents,  and  percentage  of  sorp¬ 
tion  edacity  of  sinking  agent  actually  taxed  during  the 
sorption  process  xipen  retention  characteristics  of  the 
submerged  oil-sinking  agent  mass. 


Effects  of  the  many  veirioxas  types  of  agitation,  above  and 
beyond  that  exeimined  in  this  study,  upon  sinking  effi¬ 
ciency  and  retention. 

The  testing  and  sinking  of  hi^ly  viscous  residual  fuel 
oil  (Bunker  C). 

Development  of  procedures  to  evaluate  the  retention  char¬ 
acteristics  of  a  submerged  oil-sinking  agent  mass  which 
is  the  product  of  realistic  sinking  agent  application  and 
sinking  (material  will  not  act  at  100%  efficiency)  as  op¬ 
posed  to  the  method  of  mixing  and  submerging  (required  to 
approach  the  90%  efficiency  level  specifically  requested) 
used  in  the  method  of  test  presented  in  Appendix  B  of 
this  report. 

Refinement  of  the  test  methods  developed  in  this 
investigation. 

Modification  of  the  sinking  efficiency  test  to  encon5)ass 
long-time  evaluation. 
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Tftble  I 

IdentificAtioo  of  Oil  Sln3d.f«<MAt«rlAl« 


1 

latex  coated  barite 

Barica  sulfate  plus  polybutadiene  and  a  salt  of 
carboxylic  acid 

? 

Chalv  treated  with  steari:  acxd 

Calciua  carboute  with  snail  aaount  of  carboxylic 
acid 

3 

Calcined  clay 

" 

u 

Untreated  talc 

Ka^MsltB  silicate 

5 

Talc  treated  with  sine  stearate 

HagnesitB  silicate  plus  an  alxyrl  phthalate  resin 

Untreated  talc 

" 

7 

Expansive  clay  (Fullers  earth) 

-• 

Asbestos  treated  with  stearates 

Calcitss'sagneaiua  silicate  plus  a  carboxyiate  salt 
plus  carboxylic  acid 

a 

Treated  asbestos 

" 

10 

Cationic  asbestos 

Calciua^^aagnesiun  silicate 

11 

Hydrated  aa^eslve  alusinjs  silicate 

— 

12 

Katural  clay  (scatsoriilooite  aad  palygorskite) 

— 

13 

Carbonised  chealctlly  coated  stad 

li* 

Silicone  treated  fly  ash 

Fly  ash  plx'x  setiiyl  silicone 

15 

SiXicoci  treated  fly  ash 

Fly  asn  plus  slliccce  plus  a  carboxylic  ccepound 

16 

Silicone  treated  sand 

“ 

17 

Ceaent  byproduct 

I3 

Eaolinite  clay 

— 

19 

Treat  sand 

• 

20 

Treated  sand 

" 

21 

Treated  sand 

— 

22 

Treated  sand 

23 

Treated  sand 

— 

♦  V4lu«8  glren  %r«  th«  Average  of  three  testa. 


Table  2 

Sieve  A"^^yses  Of  Oil  Sla<i:«  Haterjala 


SCK-11  SCM-V  SCK-3  SaM>23  SCK-XB  SCK-13  SCK-1^ 

(Clay/  iClMy)  (CUy)  (Sand^  (Clay)  (Saad)  (Fly  Ash) 


SCK-21  SCN>13 
(Sa.’xi;  (Clay) 


SCK-2T  SCK-20 

(Saodj  ^Asbestos)  (Ssau) 


Cusulative  Percent  Pass 


Standard  Sieves 


SCM-6  S(K-5  SCH-2.  SCH-2 
(Talc)  (Tale)  (Talc)  (ChaU 


5*  ^ifcS*V^  -f^ 


tftbu  3 

Identific^tldo  of  011« 


specific 

Absolute 

Kinenatic 

Gravity 

Viscosity, 

Viscosity, 

Tes^r- 

at 

CPf  »t 

cs,  at 

ou 

Tes^rature 

Tffiperature 

TcBperature 

Ko. 

t>escriptlon 

Shown 

Shown 

Shown 

1 

Pa<‘affinic*based 

ko 

0.83 

124** 

149*^ 

low-viscosity 

73 

0.82 

8.1 

9.9 

crude  oil 

IOC 

0.81 

5.5 

6.8 

2 

Xaphthenic-based 

LO 

0.66 

51.5** 

59.9** 

low-viscoaity 

73 

0.85 

13.1< 

15.8 

crude  oil 

100 

0.81* 

7.9 

9.1. 

3 

Kapnthenic-based 

40 

0.85 

20.9** 

21t.6" 

Icw-visccsity 

73 

0.85 

8.6 

10.4 

cnide  oi? 

100 

0.8!* 

6.6 

7.9 

u 

Diesel  oil  (low 

40 

0.85 

s./** 

6.T* 

viscosity) 

73 

O.Bu 

4-7 

5.6 

100 

o.Sk 

4.0 

4.8 

5 

Resid  xl  fuel  oil 

40 

t 

t 

t 

(Bui  \t.-  C) 

73 

t 

714,000 

775,000 

(»n>rot.) 

100 

0  91 

23,000 

25,275 

6 

Asphaltic  high- 

1*0 

t 

22,600** 

23.505'^ 

viscosity  crude 

73 

0.9^/ 

3.530 

3.639 

oil 

loo 

0.96 

750 

781 

7 

Lube  oil  (30-vt 

40 

T 

1,4C0** 

1,573** 

tsotor  oil) 

73 

0.89 

283 

318 

100 

0.88 

U3 

128 

Identification*  by  Infrared 
_ SpectrophotOBetry _ _ 


Prlaarily  long  chain  aliphatic 
hydrocarbon  with  letaer  arosatic 
constituenta  and  ^‘ttle  carboxylate. 

Mixture  of  long  chain  alijr^atic  and 
arcnatic  hydrocarbons »  sore  araoatic 
than  oil  1. 

/>aae  aa  oil  2. 


Mixture  of  aroiaatic*  olefinic,  and 
aliphatic  hydrocarbons »  very  little 
or  no  long  chain  hydrocarbons . 

Mixture  of  long  chain  aliphatic  and 
aroeatic  hydrocarbons,  .^re 
aliphatic  than  aroeatic. 

Friaarily  arcnatic  hydrocarbons  with 
scnc  aliphatic  constituents. 
Evidence  of  carbonyl  and 
carboxylate  constituents. 

Mixture  of  long  chain  aliphatic  and 
arcnatic  ccnstituents. 


*  See  Appendix  C  for  Infrared  spectra. 

**  Viscosity  values  obtained  at  ^0  F  are  not  considered  to  be  reliable  due  to  unsteady  state  of  teeperature.  The  lO  F  .alues  are 
therefore  not  used  in  plate  1. 

t  This  oil  too  viscous  for  deterxination  of  this  value  at  this  temperature  with  equipnent  being  used. 


Table  h 

Volatile  Loss«Ti»e  Relationrhlps  fXir  Oils  Under  Various  Coadlticos 


Loss  in  Weight. 


osure  for  Tine  Shown,  hr.  tbder  Conditions  Sht»wn 
22  2h  UP  W  72  96  ll6~ 

73  *  1  r>  RH  501 


1 

9.2 

13.6 

15*3 

17,0 

18.7 

20.0 

22.7 

25-'. 

27.1 

30.6 

2 

9.3 

10.8 

12,0 

13.3 

14.3 

IS.i. 

18.4 

21.2 

22.6 

25-5 

3 

11,4 

13.1 

J4.9 

16.3 

17.6 

18.7 

22.9 

25-1 

26.5 

30.2 

L 

i.6 

2.3 

35 

4.5 

6.5 

7.6 

16.2 

23.2 

28.6 

39-2 

5 

0.0 

0.0 

0.0 

0.1 

0,1 

0.1 

0.1 

C.3 

0.’. 

C.6 

6 

0.4 

0,4 

0.8 

1,1 

1.3 

1.5 

2.6 

3.''- 

U.O 

5.5 

73  1  1  F,  BH 

1 

a. 2 

16.0 

16.8 

17.4 

16.8 

17.9 

20.8 

23.‘* 

25.1 

26.3 

2 

6.3 

10.3 

11.5 

12.7 

13.9 

IU.9 

17.9 

18.1. 

3 

10.6 

13*3 

14.7 

16.4 

17,5 

18.3 

21.2 

23-5 

25.3 

27.9 

«i 

1.2 

2.5 

3*4 

4.3 

5.7 

6.8 

13.2 

33-5 

5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

0.3 

0.3 

0.3 

0,5 

0.8 

1.0 

2.0 

3.0 

3.6 

1..8 

210  F  in  Forced»alr  Oven 


1 

51.5 

54.4 

64.6 

81.5 

81.5 

81.5 

2 

Ut.O 

50.0 

56.3 

65. P 

66.1 

71.6 

4 

6 

100.0 

14.4 

16.4 

20.6 

27.0 

27.0 

31.1 

7 

2.0 

3.8 

2.7 

5.0 

5.0 

6.7 

Short-Teic  OptiiaiB  Cil  fi^tentlon  Potmtlal  (A*'oendix  A  T»<t  Method) 


:SiM  tetio  <b]r  VeiefitK 
*ft«r  16  hr  *t  7^  F 
Oil  Oil  on  '-I  on 


Barite 

1.64 

2.26 

2.12 

1.83 

2.78 

1.14 

a.al4 

0.42 

0.40 

0.43 

o.4r 

3.11 

0  58 

Clay 

0.94 

0.95 

0.90 

0.45 

1.2? 

0.98 

Talc 

1.22 

2.41 

1.40 

3.32 

9.38 

3.00 

Talc 

i.y. 

1.65 

1.42 

3-72 

9.09 

2.13 

Talc 

0.40 

0.45 

0.4l 

0.66 

3.66 

0.82 

Clay 

0.54 

0.42 

0.37 

0.49 

2,00 

0.38 

Asbeatoa 

4.2? 

5.95 

4.29 

4.93 

l4.6c 

7.50 

Asbeatos 

3-95 

5.00 

4.5? 

• 

14 .20 

:.95 

Aaoestos 

5.67 

5.75 

3.44 

1.85 

lS.4i 

8.U 

Clay 

1.20 

1.24 

1.13 

0.51 

2.63 

1.11 

Did  not  retain  oil. 


SOM  fatlo  n>y  Weijchi 
After  iQ  hr  at  7^  P 

on  on  on  on 


13 

Sand 

0.21 

0.22 

0.22 

0.22 

0.29 

0.24 

14 

riy  ash 

0.42 

0.44 

0.43 

0.47 

o.r* 

0.49 

t5 

21y  aah 

0.35 

0.33 

0.39 

0.39 

0.64 

0.42 

16 

Sand 

0.15 

0.16 

0.15 

0.17 

0.27 

0.10 

17 

Ccaent 
byprodu.  . 

0.78 

0.69 

0.54 

0.80 

4.61 

0.91 

la 

Clay 

O.lB 

0.27 

0.23 

0.15 

1.29 

0.80 

19 

Swd 

0.26 

0.17 

0.17 

0.17 

0.26 

0.18 

*0 

SajvS 

0.16 

0.17 

0.16 

0.16 

0.*^ 

O.lS 

Sand 

0,24 

0.15 

0.14 

0.14 

0.23 

0.15 

>2 

Sand 

0.26 

0.16 

0.17 

C.16 

0.31 

0.10 

n 

Sand 

0.20 

0.19 

0.21 

0.17 

0.29 

O.IO 

Tabic  7 

Leec'Trra*  CteilMm  Oil  fictcAtlm  t^tcstUl  (Appeedis  A  *«*t  Method 


Bo.  t«CB 

5CM.1  MrlU 
-3  Cl*y 
•7  Clay 
-11  Cl«y 
•13  Sand 


1.77  1.77  1.73  1.73  1-73  1-73  1-73  2.3«  ?.3^  2.?9  ?.Jf9 

0.96  0.96  0  96  O.96  0,96  0.96  0.96  O.96  O.96  0.9**  0.9? 

. 0.9S  0.55  0.*.^  ..  0.66  0,59  0,5c  0.37 


9d  7d  Ibd  lj»r  ?_J^ 

?.29  ?.29  -*  ?.i?  ?.oe  ?.oe  —  2.05  ?.o5  s.cft 

0.9?  0.9?  0.9? .  0.60  0.**0  0.36  — 

0.35  0.35  0.35  0.53  0.5?  0.5?  0.5?  0.5?  0.5?  0.5? 


l.?i  1.21  1.19  1.19  1.17  1.16  1.12  1.27  1.2**  l,2l  I.19  1.17  1.15  1.10  0.68  0.66  0.66  0.5**  0.5**  0.5l‘  — 

0,20  0  20  0,20  0,1<3  0.19  0,19  0,19  0.23  0.23  0.23  0.23  0.23  0.23  0.23  0.2*.’  0.21  0.21  0.21  0.21  0.20  C.l® 


-1*.  Tiy  ash  0.**3  0,*i3  O.U3  O.tB  0.>i3  O.I3  0.1»3  0,*.3  O.U3  O-M  0.t3  0.^3  0.I3 


•17  C«»eot 

bifprodi.ct 

•21  Sand 

•22  Sand 

•23  Scni 


0.3>*  0.3I*  0.3J*  0.3*.  0-3**  0.3**  0  3*.  0.15  0.15  0.15  O.25  O.15  0.15  0.15  O.I6  0.16  O.16 

0.91  0,64  0.76  0.75  0.V3  0.73  0.73  0.83  0.72  0,65  0  65  O.65  0.f5  —  0.99  O.97  O.95 

0.13  0.13  0.13  0.13  0.13  0.13  0,13  0,l3  0.16  O.lS  0.18  0.13  O.lB  0.18  0.17  0.17  C.17 

0.16  0.16  0.16  0.16  0.16  0.16  0,16  C.18  0,18  0-I8  0.18  0.16  0.29  0.18  0.I6  O.16  O.16 

0.21  0.21  0.21  0.20  0.20  0.20  0.20  0,21  0,22  0.21  0.21  0  21  0.21  0.21  0.17  0.17  0.17 


0.i*5  0.**5  0  1*5 
0.16  0.16  O.i* 

90  0.90  0.<0 

0,17  0.17  0  27 

:  :•  0.16  0  16 
0.16  0.15  0.12 


cn;SJ<  f^tio  (In 
~  on  6 

1  &r  2  hr  3  bf  Id  yt  7d 


ett)  at  73  r  at  iUte 
1  hr~  2  hr  3  fcr" 


ShMa 

on  7 
Id  3a 


Barite 

3.00 

3.00 

3.00 

3.00 

2.85 

2.2? 

2.C3 

1.27 

1,17 

1,17 

2.11 

-3 

Clay 

1.64 

1-55 

1.5? 

1.39 

1.39 

1.39 

0.96 

0.79 

0.74 

0.71 

-7 

Clay 

2.42 

2,22 

2.03 

1.^ 

1.84 

1,74 

1.50 

0.62 

0.55 

0.52 

0.36 

-11 

Civ 

1.47 

1.94 

1.94 

2.74 

1.74 

..r- 

1.25 

'.27 

1.17 

1.12 

-23 

Sand 

0.3? 

0.31 

0.  *0 

0.20 

0.20 

0.2-7 

0.27 

C.22 

0.20 

0.20 

0.16 

-14 

riy  ash 

1.00 

l.\V 

1.00 

0.87 

0.64 

0.81 

0.61 

0.53 

0.5? 

0.51 

0.49 

-16 

Sand 

0.37 

0.37 

0.37 

0.3? 

0.30 

0.27 

0.27 

0.19 

O.ic. 

o.ie 

0  28 

-27 

Ceaent 

bypr&dt^ct 

6,CO 

6.00 

6.00 

5-42 

3.«^ 

1.73 

1-73 

1.24 

1.22 

1.17 

1,03 

-21 

Sand 

0.2? 

0.25 

0.24 

0.22 

0.21 

0.20 

0  20 

0.16 

0.15 

0.15 

0.15 

-22 

Sand 

0.35 

0.3? 

0.32 

0.20 

0,27 

C.26 

o.« 

0.19 

0.29 

0.29 

0.29 

•?} 

Sand 

C.37 

0.3«. 

0.34 

0.29 

0.2? 

0,20 

O.2S 

0.19 

C.14 

0.;* 

0.09 

7d  lUd 
2.11  1.11 
0.58  0.58 
0.29  6.26 
1.02  1.0? 
0.12  0.11 
0.47  0.47 
0.28  0.18 
0.70  0.75 

0.;*,  0.24 
0.18  0.18 
0,07  O.W 


s 

! 


I 

s 


i 


i 


» 


i 


I 


Kble  S 

Short-Tci^  StjAltig  Effleieogy  at  Three  Traggraturea 


Oil 

-tla  _  011:scmi»tlo  (by  K<-lglit) _ 

■llttrlul  Thlckr.fSS  oil  I  oil  2  '  oil  **  Oil  b' 


*0.  Description 

in. 

■isn 

Earn 

«0  F 

60  F 

80  F 

i*0  ? 

CO  F 

"so  F 

UO  *'  60 

f  30  r 

UO  F 

60  f 

^  7 

0.01 

0.w2 

0.3€ 

C.93 

0.21 

0.53 

O.3S 

did  not 

.. 

.. 

pcnctmte  into 

2.21. 

0.05 

0-97 

s.oo 

1.10 

0.72 

o.ea 

i.ii* 

0.52 

4  10 

1.11 

oil 

0.55 

1.10 

0.10 

0.72 

1-3^ 

1.00 

0.99 

0.96 

0.95 

0.63 

1.10 

1.53 

0  ^5* 

C.?o 

1.38 

0.1*. 

-- 

- 

-- 

- 

-- 

- 

o.«i 

!-35 

l.i?5 

1.25* 

1.10 

i.52 

SCJ#-’  Claj 

O.Cl 

o.«o 

o.rr 

C  .**" 

0.13 

0.55 

0.69 

- 

-- 

- 

- 

-- 

-- 

o.c*^ 

0.7*^ 

C.7t 

o.9i 

0.63 

0.73 

0.C7 

0.6*4 

0.50 

0,72 

0.77 

0.^ 

0.10 

0.!i9 

O.X) 

cy-o 

0.76 

0.71 

0.69 

0.60 

0.59 

0.57 

0.71*' 

C.7i* 

o.5v* 

o.lt, 

-- 

-- 

-- 

-- 

- 

- 

0.<7 

0.6’ 

0.61 

0.80* 

0.72 

:cv-i.  Tale 

0.01 

•• 

- 

— 

0.1*2 

•• 

•• 

- 

-- 

- 

•• 

- 

-- 

0.05 

•• 

•• 

•• 

•• 

1*jV 

i.ta 

1.72 

•• 

- 

0.10 

•* 

•• 

•• 

- 

•• 

1.66 

1.C6 

1.5s 

•• 

•• 

-• 

.j.i5 

- 

- 

-- 

-- 

-- 

-- 

1.12 

1.96 

2.01 

- 

•• 

— 

3T^*-5  Asbestos 

0.0 

•• 

•• 

•• 

- 

•• 

-- 

-• 

- 

- 

- 

-- 

0.05 

•  « 

" 

•• 

4* 

•  4 

•• 

•• 

•• 

*• 

•• 

4  * 

C.IO 

4» 

•• 

•• 

•• 

•  4 

•• 

•  • 

•• 

1 

44 

•• 

•  < 

0.15 

- 

" 

-- 

-- 

-- 

-- 

•* 

“ 

*• 

*4 

44 

4  • 

Srs^-ll  Tlay 

0.01 

0.1*9 

0.69 

O.L? 

0.21 

0.76 

0.65 

-- 

- 

-- 

•- 

-- 

-- 

./.05 

J.35 

0.91 

o.o9 

o.fe 

0.93 

0.88 

0.53 

0.60 

0.67 

•  • 

I.l^- 

0.90» 

0.10 

o.:« 

0.91 

0.9/ 

1.13 

0,93 

0.98 

0.73 

0.81 

O.'O 

•  4 

1.00* 

2. CO* 

0.)5 

-- 

- 

— 

" 

-• 

-- 

0.73 

0.92 

0.82 

44 

0.72' 

0.62* 

Siy-13  Sand 

0.01 

0.1? 

O.ll 

0.12 

0.17 

0.16 

0.13 

- 

- 

-- 

0.20  0.21  0.19 

-- 

-- 

-- 

0.05 

0.19 

0.23 

0.15 

0.53 

0,25 

O.ic 

0.3J* 

0.20 

0.2\ 

0.60  0.36  0/2 

0.30 

0  3? 

0.3-' 

O.iO 

5.^3 

0.J3 

0.22 

C.31 

0.28 

0.2!. 

O.lf. 

0.20 

o.lli 

0.33  C. 

^  0.63 

0.1*3 

0.29 

0.3-* 

0.15 

-- 

- 

-- 

- 

-- 

0.25* 

0.2: 

0.19 

.. 

-  -- 

0.52 

o.?6. 

0.25 

Fly  »sh 

0.01 

OM 

0.^3 

0.1»9 

0.35 

0.56 

0.33 

.. 

KaUriftl  did  r-‘ 

.. 

penetrate  into 

0.05 

0.30 

0.61 

0.55 

0.3!* 

C.53 

0  :-9 

c.1.3 

0.7*. 

0.61 

nl? 

0.91 

o.^r 

0.5, 

0.10 

0,96 

0.71 

0,56 

0.72 

O.C3 

0.63 

0.52 

0.59 

0.67 

x.ou 

1.10 

0.15 

-- 

-- 

-- 

- 

- 

-- 

o.?o 

0.63 

0.59 

2 -ST* 

O.S'^ 

0.7; 

DiK-l?  Cewnt 

C  Cl 

0,52 

0.27 

0.22 

0.20 

0.55 

0.70 

KaVerUl  did  .net 

.. 

— 

.. 

byproduct 

perteitate  into 

i.lS* 

0.05 

o.ul 

0.63 

0.67 

0--.3 

0.9=- 

5.65 

0.97 

0.71 

0.82 

0,^2 

:.50* 

C.IO 

0.59 

O.S!* 

0.65 

0.35 

1.09 

0.37 

0.(J5 

1.15 

i.c: 

2.01* 

1-27* 

1.12 

0.1*^ 

- 

-- 

-- 

-- 

-- 

-- 

-'.(i 

Z.2' 

1.10 

l.tC* 

1  • 

1  .cat 

:>-?£  tnd 

0.01 

0.20 

0.17 

C.2C- 

0,11 

0.22 

0.2!* 

- 

- 

- 

0.19  0,25  0.20 

- 

- 

0.05 

0.2’’ 

0.25 

0.27 

c.  ?9 

C.37 

0.33 

O.lt. 

O.!.? 

0.1.V 

0.63  0 

0.35 

0.21 

0.4*2 

i.'- 

T.iO 

C.? 

0.2= 

0.27 

0,3!. 

0.33 

0.32 

O.bl 

0.3; 

c.37 

O.Q2  0 

.32  0.19 

0.32 

0,50 

o.r=^ 

0.:^ 

— 

.. 

— 

— 

— 

— 

o.io 

0-53 

0.3- 

„ 

.. 

c.**- 

0  ?7 

0.35 

•  ?li  occurrefi  ^thln  s:!n*itci  »rt«r  l«t. 

■  'Id  r.ct  Jlr.f.  tnej*  5ll  (90?)  to  aett  sli.iuoa  rc^alrtrirat  .'or  V-.U  ttil. 

iij. 


Efficl€ncy  Teat  *t  7hre«  T 


lOl 


SeW-i*  (tfilc; 
SCW-il  Ccl»y) 


(l)  frets  the  26  coeeklnaticn*  v«re  te«t<d  to/  aignlf^c^^e. 

(2*;  S  »  *l^«flcant  at  ^  confidence  level. 

fl)  HS  e  Highly  ligftlflcAnt— signlficdT.t  at  99i  <sr.nde-ice  level. 

(i;  H  w  ‘ici  Slg!.ifi«tRt« 


Table  >0 

SV»rt-Ters:  rfficleDcy  (AppeaJtx  E  Test  Method) 


OlizSCM  Bftirt  (by  Weight)  et  oO  1 
tr.  Oil  Thickness  of  0 


DSSC*» 


c«0**  i.}C  I 

syso* »  KSO** 

O.TJ 

^S:/*-**  D!;SO** 
DSJO**  2!J&*»** 

i.ce* 

D%OC--^  MCST— 

CKSO'*  i.>2*  * 


tk> 

!  S0«-13  Svzi 

•Is  riy  ^  jh 

-15  Fiy  ?.*. 
-if  Swv! 


'‘If  C*wnt 

byproduct 


•l8  Clay 
-19  Sana 
-20  Ss-l 
-2:  Svnd 
-22  Sted 


0.23 

0.29 

•  0 

0.3^ 

0.37 

0.6l 

O.IJ 

0  ' 

DSSO** 

0.37 

0.29 

0.39 

0.15« 

i.oot 

0->i 

0.15 

C..19* 

0.29 

0.'j3' 

C.22 

0.63 

0.9a 

0.71 

DSSO** 

1.18' 

0.c3* 

C*.— I* 

0.35* 

0,35.* 

O.lf 

0.32* 

0.t2* 

C.35* 

0.23 

C.la 

c.35« 

0  tj* 

0.33* 

0.21 

0.2-1* 

0.5.0* 

0.5*?* 

0.33 

0.27' 

0.25 

0.57 

0.5:3 

''.*.3 

0.5»2 

reurT-?a  vitMr.  1?  aln  sf'.er  tewt. 

(9tK)  tc  ^cct  hln^.r'A  rt^vi rrae  tt  for  this  test. 
r.'Jeese  >V£^t*  oil  in  I'-  »*•,  tvK.  considerable  oil  release  during  first  day 


_  _ _ 


?>1 


MiteriU 

Oil 

A^er 

After 

After 

After 

After 

Aftw 

After 

"*^After 

!b 

OescrlTttlezt 

Mo. 

16  Mr 

1  Day 

2  Days 

3  a.y. 

7  Days 

111  n»y« 

U2  Dv:* 

SCH-ll 

CUy 

1 

0.78 

0,76 

0.78 

— 

— 

0.78 

0.76 

0.75 

SCK-13 

SftM 

1 

0.31 

0.31 

0.30 

" 

— 

0.30 

O.30 

0.28 

3?W-1 

Barite 

2 

0.92 

0.92 

0.92 

0.9. 

.. 

0-92 

.. 

.. 

Cl.y 

2 

0.6i 

0.6j 

0.63 

0.62 

— 

0.62 

Cl»y 

2 

o.e> 

o.8i 

0.5'- 

0.60 

- 

0  78 

- 

SM<-I3 

Sand 

2 

0.33 

0-33 

0.33 

0.32 

'- 

0.32 

— 

— 

Fly  esh 

2 

0,71 

D.o9 

0.66 

0.66 

— 

0-66 

— 

SOM-17 

Cessent 

2 

C.92 

O.JJ 

0.92 

0.92 

.. 

0.92 

.. 

-- 

b>'prod*»ct 

SCA4-22 

Sand 

2 

0.56 

0.^ 

0.28 

0.2? 

— 

0.26 

" 

SW-7 

Clay 

b 

0.16 

0.16 

0.16 

-* 

0.16 

0.16 

0.16 

sc:4-i3 

SaM 

b 

0.10 

0.09 

0.08 

- 

-- 

0.06 

0.06 

0.06 

SOM-7 

Clay 

6 

0.1-5 

0.1.2 

0.35 

— 

— 

0.?5 

0.32 

0.32 

3CV-13 

Sand 

t 

0.-3 

0.*.! 

— 

- 

0.33 

0.30 

0,30 

scy-15 

Fly  asr. 

6 

— 

'J.71 

0.69 

— 

0.63 

— 

— 

- 

San. 

V 

— 

0.1.3 

0.1.1 

— 

V.37 

— 

— 

— 

£C»'-22 

Sam 

♦v 

o.» 

0.— 2 

— 

“ 

C.36 

0.33 

0.33 

SOH-ll 

.:i.y 

7 

0.S2 

J  is 

c.v 

— 

— 

o.to 

0.35 

C.36 

SOM-13 

Sand 

7 

0.27 

0.27 

0.2V 

0.27 

0,27 

0.27 

SfK-17 

Ceoent 

7 

0.61 

0.5l« 

0.50 

0.1.6 

0.e3 

0.3' 

Oyprodiict 

•  For 

periods  tc  ^2 

days 

foj  i-oat 

^terials. 

UAtrTitl _ 

;>;.  DetcrlptlOT. 


Ut>U  12 

P«5ults  cf  Dynaaic  P.»*«^ntlor>  Cep>b}li;y  ?c>tt  Inciming  Ccesmrlacn  of  7e?t  Serolt*: 

P>T.aailc  Y<rttu  Static  ft»t»atica  C»?^bllltv 

0jav.»r3  CM  Fetention  T^trnll*  Djw^c  Rcterttion  CtpaMIity 

4ver»5r  Ttst*  ?St«*lc)  (I>yT»aic) 

Flu,  \  _ mrSDKantlo  (by  k>lght)  _  _ *'‘.1'.:SCW  n»tio  (by 

il  v>io^lty  ik'^ttcci  Ai  Svcrt  Aftrr  Aft^r  After  After  At  M\rt  After  After  After  A 

fS»«  >aterUl  of  Te»t  I  Hr  2  Hr  3  Hr  2v  Hr  o\  ?^tt  I  Hr  2  Hr  3  Mr  20  Hr 


Fffect  of  FluH  Velocity  9ottce  on  f.eter»tiOTi  Cetnbllity 


SCJ'-l 

Barit 

y«-3 

Clay 

sr.M-7 

zitv 

?c«-:i 

Clay 

Sc3A-;2 

Sand 

Ceaer. 

byn 

SCH-li 

Clay 

sc^i: 

Clay 

C'.l> 

sc«-i: 

Clio: 

s:«-i: 

ClfO- 

sc«-;i 

Clay 

scf^-:: 

r:v 

Ftr.e  sanS 

i-'~r  1.77 

1.77 

1- 

1-73 

1.77 

l,6t 

1.65 

1.63 

:.-c 

n.-.e  na.nl 

C.96  C.S6 

*'.?6 

0.96 

0.96 

o.oe 

0.09 

C.*5 

0.35 

0.S7 

Fine  sand 

■  r-  0.72 

0.** 

— 

c-se 

0.7^ 

:.6j 

o.no 

0.69 

0.69 

Fine  sand 

1  27  ;.21 

1.21 

1-1? 

1.19 

1.2? 

j.o: 

0-9? 

0.^ 

■0.93 

rsr.e  sanl 

0.20  '..VO 

C.20 

0.2C 

0,19 

5.20 

0.20 

O.20 

r.20 

O.rC 

Fire  cam 

’  .00  ;'.9i 

w.nX 

0.75 

0.75 

l.CC 

r.-S 

0.i»S 

C.25 

0.2V 

Effect 

cf  Scctctt  Corx'tJ 

cr  on  Setr 

ntion 

Caxbllitv 

Fine  sacrS 

1.27 

1.21 

i.iy 

..19 

I,?'- 

l.Cl 

0.99 

&.9S 

-5.93 

Cra-.rl 

-.27  1.2; 

1-2? 

1.19 

l.iv 

:.27 

1.09 

1.09 

1.07 

1.02 

Kud 

i-Cr  ;.2I 

1.21 

1.19 

s-i? 

1-27 

0.9? 

0.99 

o.ss 

3.97 

Effect  of  Fl&id  Veioclt 

•y  cr  Mete’.ticr  Orabilitr 

Fine  sand 

1.2;  1.21 

i.21 

1-19 

1.27 

1.01 

0.99 

0.93 

0.93 

Fin^  sand 

?.27  1J:1 

i.a 

'>19 

1.19 

i.r.* 

1.08 

J,06 

1.06 

1.0. 

Effect  of  Cli  a. 

.detention 

lltj 

Fin^  sand 

1.27  1.2: 

i./a 

;,;9 

l.li# 

1 .27 

1.01 

0.9* 

C.93 

0.<5? 

rin«  tfCvi 

1.'.2  1.2*. 

1.17 

l.'7 

1.12 

1.^2 

1.0: 

o.yi 

o.y 

0.7* 

Tabic  13 

Relative  Effeetlvenesg  of  33  K*.tertals  In  Retalnlcg  Oil  While  Subserged— 
iSvhr  Test  for  Optltaca  Oil  Rateation  ppteatial 


WuMrlrai  Ratln 


MAtcrlal _ _ 

No.  Description 


With 

Paraf  fini-i:.  -Based 
Low»Visco3ity 
Crude  Oil 
^Oil  1) 


With 

K^4»hthenic-Bast4 
iiSVyVl  secsity 
Crude  Oil 
(Oils  2  Mid  3) 


With  With  All  Si 

With  HSgh-Visccslty  With  Oil  Types 
Birsel  Oi?  Cridc  Oil  Lube  Oil  (Oils  1,  2, 

(Oil  k)  (Oil  6)  _  (Oil  "t)  3.  K  6,  7) 


30M-15 

Asbestos 

1 

1 

U 

y 

1 

1 

som-8 

Asbestos 

*5 

2 

1 

2 

2 

2 

WM-5 

Talc 

5 

V 

5 

5 

3 

SCV+-H 

Talc 

7 

£ 

3 

h 

b 

h 

DK'-l 

Barite 

1 

1 

5 

9 

6 

5 

SCt<-\7 

Cesient 

10 

10 

6 

7 

9 

6 

byproduct 

S.:!-)’ 

Cla>* 

3 

7 

12 

7.5 

7 

SOK-12 

Clay 

C 

9 

13 

13 

7  5 

6 

S2M-i 

Clay 

$ 

8 

n 

lb 

10 

9 

sci;t-2 

Chalh 

11 

10 

6 

13 

10 

SCM-5 

Talc 

lb 

13 

7 

8 

11 

11 

9C«-7 

Clay 

li 

lb 

0 

10 

15 

12 

■ly  ash 

•2 

I-* 

Xk 

15 

lb 

13 

S»!-15 

Fly  ash 

15 

15 

lU 

16 

15 

17 

SC«-%3 

Clay 

18 

l£ 

?1 

13 

12 

15 

SCM-13 

jand 

in 

17 

ly 

i8.5 

22 

10 

soM-a3 

Sand 

17 

18 

17 

18.5 

23 

17 

3tK-12 

3ar«d 

SO 

20.  =1 

l-.>5 

17 

18.5 

13 

SCM-19 

Sand 

so 

19 

17 

22 

18.5 

19 

S»5-20 

Sand 

so 

20.5 

19.5 

20.5 

18.5 

20 

30M-16 

Sa.td 

22 

22 

17 

20.5 

18.5 

21 

SCK-8i 

Sand 

£■3 

?3 

T2 

23 

21 

22 

SOM-9 

Asbestos 

3 

3 

?3 

3 

3 

23** 

•  Batin:;  ol  1  indicates 
in  table  6. 

the  be-i  catcriel 

for  that  oil 

and  23  uhe  wrst  satcrial . 

Actual  test  data 

are  giver 

♦*  Did  iiut  letuin  oU  «• 


Table  1^ 

Relative  gfrectiveness  cf  23  Hatfrials  in  SirJiiRg  Oil;  Short- Tera  Tests 
'•'t  6o  ?,  Oil  Thicteess  ci  0.05  in. 


J&itfriai _ 

Dfscrlpt'on 


<b»*syrical  Rating* 

Wit,^  With  Lov-  With  High*  With  /II  Rive 

Viscosity  Viscosity  ***'th  Viscosity  With  Oil  Types 

Crude  Cil  Crude  Oil  Diesel  Oil  Crude  Oil  Lube  Oil  (Oils  1,  2j 

(Oil  1;  (013  2}  (OU  ’•*)  (OU  6)  (Cil  7)  t,  6.  7) 


SOM- 15 

?''*y  ash 

9 

7-5 

9 

1 

h 

1 

S2M-2C 

Sand 

10 

9 

10 

■3 

6 

2 

50M-13 

Sand 

U 

11 

12 

i 

7 

3 

SCM-1 

xffiriW 

1 

3 

2 

!/•* 

1 

Ut 

sry-12 

Clay 

u 

5 

6 

17** 

2 

sai-ib 

fly  ijiti 

6 

6 

3 

!?•* 

3 

t'- 1 

JOK-3 

Clay 

J 

b 

9 

5  7** 

h 

7i 

ECM-16 

Sand 

12 

13«* 

n 

2 

6 

at 

STi-i', 

Ccesent 

5 

1 

i 

17** 

10** 

9t 

bypiMuct 

SCK-11 

Clay 

2 

2 

5 

17*4 

11>^ 

lot 

S-Ti-S 

Talc 

7 

10 

7 

17*. 

20. 5** 

lit 

SCK-? 

Clav 

8 

7  * 

19*'* 

8*^ 

iU** 

I2t 

SCM-20 

SzrA 

1'-*- 

i6** 

9** 

13 1 

3CM-i9 

Sand 

•3 

1V«  • 

lyw 

y 

17** 

lU  t 

.‘5011-21 

S^r.d 

16'* 

6 

'  <;•* 

15t 

'JCSv-23 

Sand 

19** 

19*  » 

2C** 

7 

15” 

Ibt 

SCM-:. 

Talc 

21 

I 

j7** 

20.5** 

17 1 

ShH-]'- 

Asbestos 
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Table  15 

Relative  long-Tera  Effectiveness  of  11  Materials  In  Retaining  Oil  While 
Submerged — 7-Day  Tests  for  Optimxua  Oil  Retention  Potential 


Material _ 

Description 


SOM-1  Barite 

SOl-5-11  Clay 

S0tv:-17  Cement 

byproduct 

SOM-3  Clay 
SOM-7  Clay 
S0M-1!<  Fly  ash 
Sf».I-13  Sand 
SCM-16  Sand 
SOM-23  Sand 
SOH-22  Sand 
SOM-21  Sand 


_ Humerlcal  Ratings* 

’  With  With 

Paraffinic-  Naphthenic- 
Based  Low-  Based  Low-  V/ith  With  High- 
Viscosity  Viscosity  Diesel  Viscosity 

Crude  Oil  Crude  Oil  Oil  Crude  Oil 

(Oil  3)  (Oil  2)  (Oi)  U)  (Oil  6) 


With 
Lube  Oil 


With  All 
Five  Oil 
Types 
(Oils  1, 
2.  h, 

6.  7) 


*  Actual  test  data  given  in  table  7*  Rating  of  1  indicates  best  material,  rating  of 
11  indicates  worst  material  in  this  group. 


Tabie  16 

Relative  Effectiveness  of  Nine  Materials  in  Sinking  OtI;  Sh<*rt-Term 
Tests  at  Three  Temperatures  and  Three  Oil  Thicknesses 


t'iaterial _ 

Description 


With  Ir.w-  With  Low-  With 
Viscosity  Viscosity  Diesel 


Crude  Oil 

(^1  1) 


rrude  Oil 
(Oil  2) 


Numerical  Ratirig* _ 

With  With  High-  With  All  Five 

Diesel  Viscosity  With  Oil  '■l-'pes 

Oil  Crude  Oil  Lui/e  Oil  (Oils  1,  2, 
(Oil  h)  (Oil  6)  (Oil  7)  I4,  6.  7) 


30M-22 

Sand 

6 

6 

7 

1 

1.5 

1 

SOM- 13 

Sand 

7 

f 

8** 

2 

1.5 

2t 

S®-]. 

Barite 

1 

2 

2 

6*^ 

5** 

3t 

SOM-11 

Clay 

2 

1 

h 

6*^ 

■•t 

sa-5-17 

Cement 

byproduct 

5 

3 

3 

s** 

5t 

SOM-3 

Clay 

3o 

If 

5 

s** 

6t 

SOM-lh 

Fly  ash 

3.5 

5 

6 

6** 

7t 

30!-!-4 

Talc 

8.5** 

8.5** 

1 

6** 

8.5-»-* 

3t 

SOM-8 

Asbestos 

8.5** 

8.5*^ 

8.5*^ 
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Test  data  given  in  tabie  8;  rating  cf  1  is  best. 

Did  not  perform  satisfactorily  with  this  oil. 

Not  satisfactory  for  sinking  all  oils  at  all  three  temperatures. 


Rank  of  1  is  best 
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PLATE  5 


APPENDIX  A;  PROPOSED  METHOD  OF  TEST  FOR 
DETERMINATION  OF  OPTIMUM  OIL  RETENTION 
POTENTIAL  DF  SINKING  AGENTS 
OR  SORBENTS  FOR  OIL 
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APPENDIX  A 


PROPOSED  I4ETHOD  OF  TEST  FOR  DETERMINATION  OF 
OPTIMUM  OIL  RETENTION  POTENTIAL  OF  SINKING 
AGENTS  OR  SORBENTS  FOR  OIL 


1.  This  proposed  method  of  test  covers  procedures  foi  determining  the 
optimum  oil  retention  potential  of  a  sinking  agent  or  sorhent,  which  is  an 
index  of  the  ability  of  a  material  to  retain  sorbed  oil  when  submerged.  A 
sinking  agenc  for  oil  is  defined  as  a  material  that,  when  applied  to  float¬ 
ing  oil,  sorbs  (adsorbs  and/or  absorbs)  oil  and  sinks  with  the  oil,  thus 
removing  oil  from  the  surface.  A  sorbent  for  oil  is  a  material  that,  when 
applied  to  floating  oil,  sorbs  (adsorbs  and/or  absorbs)  oil  but  does  not 
sink;  oil  and  sorbent  both  remain  on  the  surface.  Optimum  oil  retention  po¬ 
tential  is  the  optimum  capacity  of  an  oil-sinking  agent  or  oil-sorbent  mix¬ 
ture  to  retain  oil  idiile  submerged.  It  is  expressed  by  the  oil: SOM  ratio 
(oil: sinking  agent  or  oil: sorbent  ratio)  used. 

Apparatus 

2.  The  testing  apparatus  shall  consist  of  the  following: 

a.  250-ml  Erlenmeyer  flask  with  ground  joint. 

b.  25-ml  graduated  cylinder  with  ground  joint  (units  a  and  b  to  be 
used  as  indicated  in  fig.  Al). 

c^.  bOO-al  beaker. 

d.  Variable-frequency  vibrating  table. 

£.  Balance  sensitive  to  0.01  g. 
f.  Burrell  shaker. 

10-ml  l^odermic  syringe  and  needle  (gage  of  needle  should  be 
determined  so  as  to  allow  for  easy  but  controlled  flow  of  the 
particular  grade  of  oil  to  be  used). 

h.  Gleiss  stirring  rod. 

Small-diameter  plastic  or  rubber  hose. 

Funnel  (small). 

Ic.  Vacuum  apparatus  (see  fig.  A2). 

Rubber  stopper  for  Erlenmeyer  flask. 

Materials 


3.  Materials  used  in  this  method  are: 


Test  material  (sinking  agent  or  sorbent). 

b.  Oil  (30  e)- 

c_.  ASTM  substitute  oce  j-i  water  (ASTM  designation:  D-llitl,  Section 
J*;  or  distilled  water. 

Surfactant-Isc"  1  265  (Johnson-March  Corp.,  Philadelphia, 
Pennsylvania) - 

e_.  Fetroleinn  jelly. 

Procedure 

U.  Method  A  (for  sirJcing  agents): 

a.  The  inside  of  each  flask  and  graduated  cylinder  (fig.  Al)  ^  h 
used  should  be  coated  with  a  solution  of  one  part  Isomal  ^ 
mixed  with  ten  parts  of  water  (by  volume).  After  coating,  the 
glassware  should  be  oven  dried  at  approximately  175  F  for  at 
least  2  hr.  This  treatment  lal.^imizes  the  tendency  of  the  sur¬ 
facing  oil  to  adhere  to  the  sides  of  the  flask  and  cylinder  and 
thus  reduces  the  degree  of  inaccuracy  of  the  test  results.  Al¬ 
low  glassware  to  cool  to  73  F. 

Weigh  the  flask  to  nearest  0.01  g  (cylinder  removed),  add  the 
SOM,  and  reweigh  the  flask.  The  final  weight  minus  the  initial 
weight  will  indicate  the  weight  of  SOM  being  used.  The  propor¬ 
tions  of  oil  to  SOM  required  to  yield  approximately  10  cc  of 
free  oil  should  be  used.  This  volume  of  free  oil  is  needed  to 
allow  for  test  variation  within  the  range  of  volume  of  free  oil 
released.  Thirty  grams  of  oil  should  be  used  in  each  test.  A 
preliminary  screening  test  to  indicate  the  weight  of  a  given  SOM 
suitable  for  use  with  30  g  of  a  given  oil  can  be  made  by  placing 
30  g  of  the  oil  in  a  J:00-ml  beaker,  adding  SOM  to  the  oil  from  a 
preweighed  container  until  the  oil-SOM  mass  starts  to  thicken, 
lose  gloss,  or  become  viscous.  At  this  point  the  mass  should  be 
stirred,  water  should  be  added,  and  the  mass  stirred  an  addi¬ 
tional  30  sec.  After  the  mixture  stands  for  10  to  15  min,  the 
extent  of  surface  oil  will  indicate  whetb^'r  too  much  or  too 
little  SOM  has  been  used.  Tiie  weight  of  SOM  used  can  be  de- 
terni.ned  by  difference  in  the  initial  and  final  weighings  of 
the  container  plus  SOH.  Additional  screening  tests  with  nec¬ 
essary  adjustments  should  be  conducted  which  will  minimize  work 
and  time  required  to  obtain  the  tesu  results. 

Add  the  30  g  of  oil  to  the  This  step  may  be  simplified 

by  use  of  the  hypodermic  syringe  which  will  minimize  the  amount 
of  oil  brought  into  contact  with  the  sides  of  the  flask  during 
this  step  of  the  operation.  The  bal.ance  may  be  used  to  indicate 
the  point  at  which  the  required  weight  of  oil  has  beep  added. 

Use  a  rubber-  stopper  to  seal  the  flask  and  shake  for  15  min  with 
a  Burrell  shaker,  adjusting  the  motion  of  the  shaker  as  neces¬ 
sary  to  obtain  good  distribution  of  oil  throughout  rhe  SOM. 
Several  flasks  may  be  shaken  simultaneously,  depending  upon  the 


capacity  of  the  individual  shatter.  In  any  event,  if  test  re¬ 
sults  are  to  be  conparable,  each  test  {or  set  of  tests;  must  be 
performed  under  the  same  conditions.  If  necessary,  the  contenns 
of  each  flask  may  be  stirred  to  ensure  that  all  portions  of  the 
SOM  have  been  brought  into  contact  with  the  oil.  This  wi?i  be 
particularly  necessary  when  the  more  visccus  oils  are  being 
evaluated.  Care  should  be  taken,  however,  to  prevent  any  un¬ 
necessary  contact  between  the  oil-SOM  mass  and  the  uppermost 
sides  of  the  flask. 

Apply  30-in.  mercury  vacuum  (fig.  A2)  until  such  time  as  there 
is  no  loss  in  vacmim  over  a  5-min  period  of  time. 

Allow  flask  to  stand  for  a  period  of  time  such  that  the  total 
time  elapsed  in  steps  ^  and  X  is  1  hr. 

Vibrate  the  stoppered  flask  for  30  min,  adjusting  the  frequency 
of  the  vibrating  table  as  necessary.  Ceveral  flasks  can  be  vi¬ 
brated  simultaneously;  however,  the  vibratorj'  motion  c-f  tne 
table  vill  have  to  be  adjusted  in  order  to  accommodate  the  ad¬ 
ditional  weight.  It  is  emphasized,  however,  that  if  test  re¬ 
sults  are  to  oe  comparable  all  tests  mast  be  performed  under 
the  same  conditions.  Tnis  step  is  particularly  iiiportant  in 
that  it  resiAlts  in  release  of  the  free  oil  which  is  entrapped 
between  solid  particles  and  is  not  actually  sorbed  (absorbed 
and/or  adsorbed).  Tl-iis  consolidation  process  improves  the 
reproducibility  of  test  results,  particularly  for  the  coarser 
materials . 

Remove  stopper  and  affix  the  graduated  cylinder  in  the  top  of 
the  flask.  Tne  quality  of  the  seed  can  be  improved  by  coating 
the  ground  glass  stirfaces  with  petrolem  Jelly. 

Add  enough  ASTM  substitute  ocean  water  to  the  flask-cylinder 
system  to  bring  the  free  oil  surface  level  to  che  0,0-ml  mark. 
The  water  should  be  added  in  such  a  manner  as  to  minimize  dis¬ 
turbance  of  the  oil-SOM  mass  and  minimize  emulsification  of  the 
free  oil.  This  can  be  facilitated  by  using  a  flexible  rubber 
or  plastic  tiibe  and  funnel  as  illustrated  in  fig.  A3.  This  will 
minimize  the  free-fall  distance  and  disturbance.  Care  must  be 
exercised  to  prevent  the  lower  end  of  the  tube  from  coming  into 
contact  with  the  rising  liquid  surface,  since  some  of  the  oil 
would  become  attached  to  the  tube. 

Determine,  by  use  of  the  cylinder  graduations,  the  volume  of 
free  oil  released.  This  measurement  should  be  made  to  the 
nearest  0.5  ml  and  sh.^uld  include  any  sorbent  which  is  sus¬ 
pended  in  the  free  cil  column.  Since  test  method  A  is  designed 
to  evaluate  sinking  agents,  it  is  felt  that  this  procedure  would 
adequaxeiy  penalize  any  materials  which  do  not  act  fully  as 
sinking  agents.  These  readings  should  be  made  2  hr  after  the 
addition  of  the  water  and  18  hr  after  the  addition  of  the  water. 
In  mo.st  instances,  volumetric  differences  between  the  2-  and 


A3 


l8-hr  readings  vill  be  negligible.  However,  for  certain  mate¬ 
rials,  particularly  the  expansive  clays  and  some  oils,  the 
differences  will  be  cubstantial.  In  these  cases,  both  readings 
"liould  be  reported  and  the  l3-hr  reading  should  be  used  to  com¬ 
pute  the  optimum  oil  retention  potential. 

k.  Multiply  the  volumetric  measurement  of  oil  in  cubic  centimeters 
by  the  specific  gravity  of  the  oil  u‘-cd  (determined  at  73  F)  to 
yield  the  weight  in  grams  of  free  oil.  Subtract  this  weight 
from  the  original  weight  of  oil  added  to  the  flask  to  obtain, 
i  .  grams,  the  weight  of  oil  effectively  sorbed  and  retained. 

Divide  the  weight  of  oil  adsor>>ed  and/or  absorbed  oy  the  weight 
of  tost  matoridl  'used  to  obtain  the  optimum  retention  potential 
expressed  as  an  oii;SOM  ratio.  Any  interesting  or  un' "'oal 
items,  such  as  volume  of  floating  sorbents,  should  be  ..oted  in 
the  "Ce  st  resiilts.  T}iis  test  should  be  repeated  at  least  three 
times  for  each  individual  oil  and  test  material  used  and  the 
resiilts  averaged. 

5.  Method  B  (for  powdered  materials): 

a.  Conduct  test  as  described  in  method  A,  paragraphs  a  through 
The  amount  of  sorbent  used  (see  paragraph  b,  method  A)  should, 
in  the  end,  be  such  that  no  free  oil  and/or  oil-sinker  mass 
floats  to  the  surface  upon  addition  of  water  to  the  flask. 
Several  tests  will  probably  be  necessary  to  determine  the  opti¬ 
mum  weigiit  of  sorbent  required.  (It  should  be  kept  in  mind 
that  while  many  different  amounts  of  the  same  sorbent  may  be 
sufficient  to  retain  the  particular  amount  of  oil  used,  there 

is  a  minimum  amount  of  sorbent  which  adequately  retains  the  oil. 
It  is  toward  the  determination  of  this  minimum  weight  of 
sorbent  that  this  test  is  directed.) 

b.  Allow  the  entire  system  to  stand  for  l6  hr.  Should,  at  any  time 
during  this  l8-hr  period,  any  appreciable  volume  (more  than  a 
trace)  of  free  oil  and/or  oil-SOM  mass  rise  to  the  water  sur¬ 
face,  repeat  the  test  using  slightly  less  sorbent  than  was  pre¬ 
viously  used.  Continue  testing  in  this  manner  until  the  weight 
of  sorbent  which  will  yield  only  a  trace  of  free  oil  and/or 
oil-SOM  mass  on  the  water  surface  is  determined  and  verified 

by  at  least  two  additional  tests. 

c_.  Divide  the  weight  of  oil  used  by  the  minimum  weight  of  sorbent 
used  (the  minimum  weight  which  will  satisfactorily  retain  the 
oil  in  the  bottom  of  the  flask)  to  obtain  the  optimum  potential 
expressed  as  an  oiliSOM  ratio. 


Al.  250-ml  Erlen-  Fig.  A2.  Gil-SOM  mixtures  being  subjected  to  Fig.  A3.  Addition  of 
'  flask  equipped  entra’^^  •'  '>ir  evacuation  in  vacuum  apparatus  water  to  250-ml  Erlen' 
graduated  cylinder  meyer  flask-graduated 

cylinder  assembly 
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APPENDIX  B 

PROPOSED  METHOD  OF  TEST  FOR  EVALUATION  OF  THE 
SINKING  EFFICIENCY  OP  SINKING  AGENTS  FOR  OIL 
(DRY  APPLICATION) 

Scope 

1.  lliis  proposed  method  of  test  covers  a  procedure  for  evaluating  the 
sinking  efficiency  of  sinking  agents  for  oi3.  A  sinking  agent  for  oil  is  a 
material  that,  when  applied  to  floating  oil,  sorbs  (adsorbs  and/or  absorbs) 
oil  and  sinks  with  the  oil,  thus  removing  oii  from  the  surface.  Sinking  ef¬ 
ficiency  is  the  ability  of  a  material  to  act  as  a  sinking  agent  for  am  oil 
film  on  water.  Sinking  eiTiciency  is  expressed  by  the  oil:sinking  agent 
ratio  (by  weight)  requi.red  to  sink  at  least  90?  of  the  oil  film  which  is  at 
the  surface  oi  an  oil-water  mixture.  A  material  which  does  not  sink  oil, 
such  as  a  sorbe.nt,  has  no  sinliing  efficiency  and  does  noi  meet  the  minimum 
requirement  for  this  test. 

'  2.  Of  the  meiny  different  factors  which  contribute  to  the  interaction  of 
an  individual  striking  ag;ent  with  a  particular  oil,  the  most  inroortant  are: 
(a)  system  temperature,  (b)  initial  oil  film  thickness,  and  (c)  nature  of 
oil  film  V fresh  or  weathered).  All  of  these  factors  should  be  examined  in 
order  to  adequately  e''al)aate  the  performance  of  various  sinking  agents  wnen 
ust:Q  with  various  types  of  oils. 

Arparat’is 

3.  The  testing  appauratus  shall  consist  of  the  following: 

a.  Stirring  rod. 

b.  liOOO-ml  beaker  (Griffin  low  form,  Pj^rex). 

c. .  Balance  sensitive  to  0.01  g. 

10-cc  hypodermic  syringe  and  needle  (gage  of  needle  should  be 
determined  so  eis  to  allow  for  t  asy  but  controlled  flow  of  the 
particular  grade  of  oil  to  be  used). 

Device  for  controlling  application  of  sinking  agents  (see 
fig.  Bl). 

f.  Variable-teraperat'ore  water  bath  or  variable -temperature  room. 

£_.  Timing  device. 


sm 


to, . 


Materials 


U.  Materieils  'osed  are: 

a-  Test  material  (sinking  agent  or  sorbent), 
b .  Oil . 

c_.  ASTT<I  substitute  ocean  water  (ASTM  designation:  D-lli<!l , 
Section  k). 

Oil-soluble  dye  (for  use  with  neai'ly  transparent  oils). 


Procedures 


5-  Test  procedures  are  as  l^-llows: 

a.  Bring  com-j^onents  of  the  test  apparatus  and  test  materials  to 
equilibrium  at  the  designated  test  temperature.  This  will  best 
be  accomplished  with  a  variable-ten^jerature  control  room  in 
which  the  entire  testing  operation  can  be  performed.  If 
desired,  a  water  bath  can  be  used  in  conjunction  with  a 
variable-temperature  room  to  perform  tests  at  air  temperatures 
somewhat  different  from  the  fluid  system  ten5)erature . 

b.  Add  2000  ml  of  water  to  the  l»000-ml  beaker.  At  this  level,  the 
cross-sectional  area  of  the  water  surfacOgin  the  standard 
Griffin  low  form  Pyrex  beaker  is  19^-8  cm*^.  Weigh  the  beaker 
and  water  to  the  nearest  0.01  g. 

£.  Add  oil  to  the  water  surface,  the  volume  (weight)  of  which  will 
be  dictated  by  the  particxilar  oil  film  thickness  desired,  the 
type  of  oil  used,  and  the  system  temperature  at  which  the  test 
is  to  ■  e  performed.  The  weight  of  oil  required  can  be  computed 
from  the  known  surface  area  and  the  known  density  of  the  oil  at 
the  peurticulax  temperature  of  interest.  If  necessary,  an 
oil-soluble  dye  can  be  used  in  conjunction  with  the  oil  to  help 
eliminate  problems  of  visually  determining  when  the  oil  slick 
has  been  effectively  sunk.  Place  the  beaker  in  position  for 
application  of  the  sinking  agent  throiigh  the  application  device 
(see  fig.  Bl). 

Sprinkle  the  sinking  agent  through  the  top  of  the  sorbent  appli¬ 
cation  funnel.  This  apparatus  is  designed  simply  to  ensure 
that  (l)  all  tests  are  conducted  \ising  the  same  free-fall 
distance  (30  in.)  for  each  SOM,  6uid  (2)  all  SOM's  applied 
actually  fall  on  the  fluid  surface. 

The  SOM  should  be  applied  uniformly  and  at  a  constant  rate 
until  barely  enough  material  has  been  applied  to  effectively 
sink  90  to  100^  of  the  oil.  The  time  elapsed  during  the  actual 
application-sorption-siiAing  operation  should  not  exceed  10  min 
and  should  not  be  less  than  5  min. 

In  all  instances,  some  if  not  all  of  the  oil-sinking  agent 
mass  will  float  until  signifi''  nt  agitation  is  applied.  This 
can  be  accomplished  by  stirring  tne  system  vigorously  after  the 


sinking  agent  has  been  applied.  The  stirring  should  not  be  so 
violent  as  to  emulsify  any  free  oil- 

This  phase  of  the  test  procedure  requires  some  experience 
and  good  judgment  on  the  part  of  the  test  personnel  in  that, 
viith  most  materials  not  sinking  until  after  vigorous  agitation 
is  applied,  a  decision  must  be  made  as  to  when  barely  enough 
nater'o.*  has  been  applied  to  effectively  sink  90  to  100^  of  the 
oil.  ii  the  majority  of  caises,  it  can  be  safely  assumed  that 
this  point  has  been  reached  when  the  fluid  surface  is  no  longer 
glossy  as  it  is  when  appreciable  free  oil  is  present.  Fig.  B2 
illustrates  these  conditions. 

Sinking  efficiency  of  the  sinking  agent  used  is,  in  each  case, 
computed  by  dividing  the  weight  of  oil  sunk  by  the  wei^t  of 
the  sinking  agent  required  to  sink  the  oil.  The  test  should  be 
conducted  three  times  and  the  results  of  the  three  tests 
a\‘craged.  Any  pertinent  observations  such  as  oil  release  (see 
note)  with  time  should  be  noted  with  the  test  results. 

Note:  If  long-term  oil  release  measurements  are  desired,  a 
glass  funnel  with  a  graduated  stem  may  be  placed  over  the  sunken 
oil-sinking  agent  mass  and  the  volume  of  oil  release  may  be 
measured  for  as  long  as  desired. 
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DETERMINATION  OF  DYNAMIC  RETENTION 
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PROPOSED  METHOD  OF  TEST  FOR  DETERMINATION 
OF  DYIJAMIC  RETENTION  CAPABILITY  OF 
SINKING  AGENTS  FOR  OILS 


Scope 

1.  This  proposed  method  of  test  covers  a  procedure  for  determining  the 
dynamic  retention  capability  of  a  sinking  agent  for  oil.  Retention  capabil¬ 
ity  is  defined  as  the  ability  of  the  oil: sinking  agent  mass  to  retain  its 
oil  after  sinking.  This  is  expressed  as  the  ratio  of  the  weight  of  the  oil 
retained  to  the  weight  of  sinking  agent  used.  Dynamic  retention  capability 
is  the  retention  capability  determined  under  dynamic  conditions,  i.e.,  the 
oil  and  sinking  agent  are  placed  on  a  moving  water  surface.  A  sinking  agent 
for  oil  is  defined  as  a  material  that,  when  applied  to  floating  oil,  sorbs 
(adsorbs  and/or  absorbs)  oil  and  sinks  with  the  oil. 

2.  Fsictors  which  will  affect  the  retention  capabilities  of  the  various 
sinking  agents  and  the  effects  of  which  should  be  examined  are:  (a)  fluid 
velocity  and  (b)  bottom  conditions  (sand,  mud,  rock,  etc.). 

A?£aratus 

3.  The  testing  apparatus  shall  consist  of  the  following: 

a.  Circular  flow  channel  for  simulation  of  current  flow  (see 
fig.  Cl). 

b.  Current  meter  (see  fig.  C2). 

£.  Variable- frequency  vibrating  table. 

Balance  sensitive  to  0.01  g. 

£.  UoO-ml  beaker. 

10-cc  hypodermic  syringe  and  needle  (gage  of  needle  should  be 
determined  so  as  to  allow  for  easy  but  controlled  flow  of  the 
particular  grade  of  oil  to  be  used). 

£.  Weighing  pan  (aluminum  pie  plate). 

Materials 

Ji.  Materials  to  be  used  are: 

a.  Striking  agent. 

b.  Oil. 

£.  ASTM  substitute  ocean  water  (ASTM  designation:  r-lli<l. 

Section  1*). 
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(i.  Fine  glass  wool¬ 
en.  Bed  material  for  bottom  of  channel  (sand,  mud,  rock,  etc). 

Procedures 

5.  Test  procedures  are  as  follows: 

a.  Place  the  bed  material  desired  (sand,  mud,  or  rock)  in  the  cir¬ 
cular  flow  chauinel.  This  bed  material  shouJ.d  be  clean  enough 
to  prevent  contamination  of  the  water  as  such  will  result  in 
collection  of  impurities  along  with  the  released  oil.  Ibis  in 
turn  will  cause  the  calculated  weight  of  oil  released  (based  on 
volatile  Doss-time  relationships)  to  be  too  great. 

"b.  Add  ASTM  substitute  ocean  water  to  the  flow  channel  and  allow 
the  system  to  reach  standard  laboratory  temperature  (i.e., 

73+2  F). 

£.  Begin  actual  fluid  flow  (mechanical  rotation  of  the  circular 
channel  in  this  case)  and  allow  the  currents  to  reach  equilib¬ 
rium.  This  step  will  require  different  periods  of  time  for 
different  fluid  velocities  and  different  types  of  channels. 

The  point  at  which  stabilize  ..on  of  velocity  is  reached  can  be 
determined  with  a  current  meter  similar  to  the  one  pictured  in 
i-ig.  C2.  After  stabilization  has  been  achieved,  the  velocity 
profile  of  the  channel  cross  section  should  also  be  determined. 

d.  Place  known  amounts  of  sinking  agent  and  oil  (at  standard  tem¬ 
perature)  in  the  UOO-ml  beaker,  using  the  hypodermic  syringe 
for  the  addition  of  the  oil.  The  total  amount  of  sinking  agent 
and  oil  is  determined  by  the  cross  section  of  the  particular 
flow  channel  used,  and  tne  ratio  (by  weight)  of  the  two  compo¬ 
nents  is  determined  by  the  amount  of  oil  that  the  particular 
sinking  agent  will  adsorb  and/or  absorb.  This  ratio  should 
have  been  previously  obtained  in  the  determination  of  the  opti¬ 
mum  retention  potential  of  the  sinking  agent. 

Place  the  beaker  containing  the  sinking  agent  and  oil  on  the 
vibrating  table  sind  vibrate  for  ^5  min.  The  beaker  should  be 
covered  appropriately  during  this  operation. 

£.  Allow  covered  beaker  to  stand  at  standard  laboratory  tempera¬ 
ture  (73  +2  F)  until  all  components  are  in  temperature  equilib- 
riinn.  This  standing  time  should  not  exceed  75  min. 

£.  Add  the  known  weight  of  sinking  agent-oil  mass  to  the  moving 
chEuinel.  Any  residue  left  in  the  beaker  should  be  weighed, 
this  weight  to  be  proportioned  according  to  the  original 
weights  of  sinking  agent  and  oil  mixed,  and  then  subtracted 
from  these  original  weights  to  yield  the  actual  weights  of 
materials  subjected  to  test.  (Example:  Assume  that  700  g  of 
sinking  aigent  was  mixed  with  300  g  of  oil  and  that  10  g  of 
oil-sinking  agent  mass  remained  in  the  mixing  container  after 
the  Diajority  of  the  mass  was  added  to  the  channel.  Then  by 
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proportion  of  weights  originally  mixed,  7  g  of  sinking  agent 
and  3  g  of  oil  remained  as  residue  in  the  container.  Therefore, 
693  g  of  sinking  agent  and  297  g  of  oil  were  added  to  the 
chsumel. ) 

li.  Weights  of  oil  released  should  be  determined  (according  to  step 
i_)  at  points  in  time  (with  reference  to  initial  immersion,  i.e., 
addition  of  the  oil-sinking  agent  mass  to  the  cheinnel)  of 
t  =  0,  1,  2,  3,  12,  and  2h  hr,  and  t  =  3,  7,  !*♦,  and  21  days. 
Some  of  the  later  release  measurements  may  be  eliminated,  ob¬ 
viously,  if  at  some  point  it  is  observed  that  release  is  no 
longer  occurring. 

i_.  Determination  of  the  weight  of  free  unweathered  oil  floating 
on  the  surface  at  any  time  should  be  acconqslished  by  removing 
this  free  oil,  using  the  fine  glass  wool,  driving  off  volatile 
fractions  at  a  temperature  and  for  a  period  of  time  determined 
by  the  type  of  oil  being  exai..*  led  and  by  the  volatile  loss 
characteristics  determined  according  to  the  "Proposed  Procedure 
for  Determination  of  Volatile  Loss-Time  Characteristics  of  Oil 
Retained  on  Glass  Wool,"  and  determining  the  wei^t  of  oil  resi¬ 
due  lemaining  after  volatile  evaporation. 

This  \'eight  of  oil  residue  should  then  be  divided  by  a  conver¬ 
sion  factor  previously  determined  according  to  the  "Proposed 
Procedure  for  Determination  of  Volatile  Loss-Time  Charact''‘ris- 
tics  of  Oil  Retained  on  Glass  Wool,"  this  computation  yielding 
the  weight  of  free  unweathered  oil  released  since  the  time  of 
the  previous  collection  of  surface  oii . 

k.  This  weight  of  free  unweathered  oil  collected  should  then  be 
added  to  the  weights  of  oil  collected  at  the  preceding  times  of 
removal.  This  total  weight  multiplied  by  100  and  then  divided 
by  the  weight  of  oil  placed  in  the  channel  as  determined  in 
step  ^  of  this  test  method  will  represent  the  weight  of  free 
unweathered  oil  released  over  the  period  of  time,  t  ,  ex¬ 
pressed  as  a  percentage  of  the  weight  of  free  unweathered  oil 
originally  adsorbed  and/or  absorbed.  Such  time-release  charac¬ 
teristics  for  a  specific  sinking  agent,  oil,  and  fluid  velocity 
can  be  represented  in  graphical  form  as  indicated  in  fig.  C3. 

The  weight  of  oil  retained  is  determined  by  subtracting  the 
total  wei^t  of  oil  collected  (see  paragraph  above)  from  the 
weight  of  oil  placed  in  the  channel. 

m.  The  dynamic  retention  capability  is  then  conqjuted  by  dividing 
the  weight  of  oil  retained  by  the  weight  of  sinking  agent  used. 


iiiillki'i  it 
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PROPOSED  PROCEDURE  FX)R  DETERMINATION  OF 
VOLATILE  LOSS-TIME  CHARACTERISTICS  OF 
OIL  RETAINED  ON  GLASS  WOOL 


1.  This  test  is  intended  to  te  used  for  calibration  purposes,  the  re- 
suZ  cing  volatile  loss- tine  relations  to  be  used  1 1  the  computation  of  the 
actual  weights  of  unweathered  free  oil  floating  on  a  water  surface. 

2.  The  basic  premise  underlying  this  procedure  is:  if  one  detcnnines, 
for  a  partictilar  weight  oil-water-glass  wool  combination  and  evaporation 
temperature,  the  volatile  loss-time  relation  after  total  evaporation  of  the 
water  component  at  low  relative  hximidity,  one  can  then  use  this  relation 

to  compute  the  wei^t  of  \anweathered  free  oil  removed  from  a  system  by  evap¬ 
orating  the  volatiles  from  this  removed  oil  (at  the  same  ten^jerature  and 
for  the  same  evaporati.n  period),  determinirg  the  wei^t  of  the  oil  residue, 
and  multiplying  this  weight  by  an  appropriate  factor  based  on  the  "calibra¬ 
tion”  test. 

3.  The  accuracy  of  this  operation  is  highly  dependent  upon  using  an 
evaporation  period  the  length  of  which  is  great  enougli  to  ensure  complete 
evaporation  of  the  water  conponent  (usually  less  than  24  hr)  and  that  the 
mathematical  computations  are  based  on  the  relatively  flat  portion  of  the 
residueil  oil  volatile  loss-time  curve.  It  is  also  in5)ortant  that  the  evap¬ 
oration  teji5)erature  used,  for  a  particular  oil,  be  high  enciigh  so  that  equi¬ 
librium  (no  ^preciable  loss)  is  reached  in  a  realistic  period  of  time,  and 
at  the  same  time  low  enough  so  that  enough  residue  is  left  to  make  reason¬ 
ably  accurate  computations.  In  particular,  diesel  fuel  must  be  treated  at 
somewhat  lower  temperatures  than  those  used  for  crude  oils  since  total 
evaporation  of  diesel  fuel  will  occur  at  the  higher  temperatures.  Total 
evaporation  would  yield  no  useTai  data.  Low  humidity  en'/ironment  appreci¬ 
ably  decreases  the  time  reqmred  for  water  evaporation,  and  thus  system 
equilibrivim. 


Apparatus 


The  apparatus  used  for  this  test  are: 
a.  Oven. 


b. 

£• 

d. 

£• 

f. 

Materials 


Weighing  pan  (aluminum  pie  plate). 

Fine  gleas  wool. 

Large  pan  for  containing  water  and  oil  film. 
Balance  sensitive  to  0.01  g. 

Desiccr  tor. 


Materials 
a.  Oil. 


;c-eG  ' the  test  are: 


b.  ASTM  substitute  oce.an  water.* 
£.  Oil-soluble  dye. 

Procedures 


6. 


Test  procedures  are  as  follows: 

Allow  all  materials  to  stabilize  at  standard  laboratory  temper¬ 
ature  (73  +  2  F). 

Add  ASTM  substitute  ocea:3  water*  to  large  jjan. 

£.  Determine  tare  weight  of  aluminim  pie  plate  and  glass  wool  to 
nearest  0.01  g. 

d.  Place  10  g  of  fresh  oil  on  the  water  surface  and  allow  signifi¬ 
cant  dispersion  to  occur. 

e^.  Remove  the  free  oil  from  the  water  surface  by  dragging  the  fine 
glass  wool  over  the  surface  as  illustrated  in  fig.  Dl. 

Place  all  glass  wool  (contaminated  and  unconnaminated)  in  the 
weighing  pan,  weigh  the  system  to  the  nearest  0.01  g,  and  place 
this  unit  in  an  oven  or  room  (less  than  30?  relative  humidity 
desirable ). 

£.  Continue  evaporation  of  volatiles  at  100  F  until  equilibrium 
is  essentially  reached.  The  imit  should  be  weighed  at  2k,  U3, 
and  72  hr  so  that  any  appreciable  decrease  in  rate  of  evapora¬ 
tion  will  be  obvious.  Experience  has  indicated  that  evapora¬ 
tion  periods  of  2k,  1»8,  end  72  hr  are  normally  adequate  to  ob¬ 
tain  a  calibration  curve. 

h.  Allow  the  unit  to  cool  to  73  F  at  50?  relative  humidity. 

i_.  Weigh  the  unit  to  the  nearest  0.01  g. 

j_.  Subtract  the  tare  weight  (step  jrom  the  total  weight 
(step  O  to  yield  the  weight  of  residual. 

Divide  this  weight  by  10  to  obtain  the  number  of  grams  of  resid¬ 
ual  yielded  per  gram  of  onweathered  free  oil. 


•  ASTM  Designation:  Dlllil,  Section  1* 
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7.  This  test  should  be  conducted  three  times  recording  residual 
weights  at  2^+,  U8,  and  72  hr.  The  values  determine!!  in  step  k  should  be 
averaged  to  yield  the  conversion  factor  for  each  time  increment  which,  when 
divided  into  the  weight  of  residueiL  determined  in  any  future  test,  will 
yield  the  weight  of  xmweathered  free  oil  collected  in  that  test.  Tfie  three 
time  intervals  should  be  plotted  so  that  a  conversion  factor  can  be  ob¬ 
tained  for  the  convenient  time  used.  Values  less  than  2h  hr  are  meaning¬ 
less,  since  the  procedure  is  based  on  the  complete  evaporation  of  the  water 
which  will  nonnally  require  12  to  20  hr.  It  is  also  important  to  note  that 
the  conversion  factor  should  be  obtained  on  the  same  approximate  amount  of 
oil,  as  the  oil-water  relation  will  affect  the  rate  of  volatile  evaporation 
from  ae  oil  during  the  first  2h  hr. 
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APPEiroiX  E:  INFORMATION  ON  OIL  SINKING 
MATERIALS  SUPPLIED  BY  THE 
MANUFACTURERS 


i  m 


MATERIAL  IDENTIFICATION:  SOM-1 


CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMTOSITION:  Earite  with  10  percent  latex  n*ter. 

SPECIFIC  GRAVITY:  3.3  ,;,/cc.  Bulx  density  80  ncf. 

FLASH  POINT:  V'- y  high. 

ICC  CLASS: 

VISCOSITY:  Solid  pcwder. 

MISCIBILITY:  Cccpatitle  vith  oils;  :;ot  easily  wet  ty  water. 

SOLVENT  COMPATIBILITY:  Kot  applicable. 

SHELF  LIFE:  probably  several  years. 

COST:  6  to  C  cents  per  pound;  pilot  plant  for  production  would  have  to  he  constructed. 


DOSAGE  RATE:  By  manufacturer  -  1:1.3  agent  to  oil. 


APPLICATION  METHOD:  By  manufacturer  -  acply  by  any  .method  that  will  viniforaly  spread  the  .material 
on  the  surface  ef  the  floating  oil. 


AVAILABIjJTYj  5.uantity  unlimited  if  treatment  plant  constructed. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  Anj-where  oil  can  be  sunX. 


SPILL  EXPERIENCE:  Labcratcr;.-  test.s  by  manufacturer. 


EFFECTIVENESS:  Obser.’atior.s  ius-ing  tests  by  :  facturer  indicated  material  to  be  capable  or  sir..-.i:'.f 

1.3  to  1.'  lb  cf  crude  cil  per  poucd  of  material.  :''.ateriaLl  more  effective  -sn  I'ver 
de.-.sity,  less  viscous  oils. 


TOXICITY:  Icr.lcxic. 


MATERIAL  IDENTIFICATION:  S®-2 

CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION;  Hydrophobic  caloiua  carbonate,  particle  enclosed  in  a  fila  cf  fatty  acii 
(stearic  acid  about  It). 

SPECIFIC  GRAVITY:  2.7. 

FLASH  POINT:  Hot  applicable. 

ICC  CLASS:  Standard. 

VISCOSITY:  Solid 

MISCIBILITY:  Hydrophobic  (nonsoluble  in  vater). 

SOLVENT  COMPATIBILITY:  Kot  applicable. 

SHELF  LIFE:  Indefinite. 

COST:  $50.00  per  ton,  FOB  aajor  port  cities  (U.  S.). 

DOSAGE  RATE:  By  aanufacturer  -  1:1.5  agent  to  oil  by  weight. 

APPLICATION  METHOD:  By  aanufacturer  -  spread  on  surface  of  sea  water  or  oil  spill.  Kea-.-y  sea  agita¬ 
tion  is  desii'ed.  Tne  agent  that  falls  on  the  water  will  flcat  until  it  contacts 
oil.  Cnee  it  contacts  oil  it  compounds  and  hydrostatically  sinks,  fcitsing  snail 
stable  patches  on  the  sea  ted.  Heaction  tine  -  depends  on  ratio  used  and  sea 
Viter  ncf/e-nent  or  agitation. 


AVAILABILITY:  5  tons  inventory  in  Hew  York  City  -  noraal  four  weeks  production  rates  unlitaited. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  By  nanufacturer  -  rt  nded  for  open  sea  and  bay  for  use  on 
~  fresh  and  weathere  es  and  distillate  fuels.  Ho  special 

storage  requireaent  <■  -•  jcessary. 


SPILL  EXPERIENCE:  By  nanufacturer  -  laot- atcr;/  and  field  erience  as  well  as  experience  in  l..e  ;  .r.r.EV 
CAirYOH  incident  -  LCOD  tons  used. 


'FFECTIVENESS:  By  na.nufacturer  -  97i. 


TOXICITY- 

By  nanufacturer  - 

Fcr  operators  -  no  recorded  cases  cf  respiratcr;.-  prcblens  iq-.c- 
For  arine  life  -  no  linit.  ncntoxic  naterial  -laCO;. 


vS'jggest  use  of 


E2 


E3 


MATERIAL  IDENTIFICATION:  SCW-U 


CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Talc,  10  ndcron  (705t  organophilic ,  30^b  hj'drophilic),  no  stabilizer. 


SPECIFIC  GRAVITY:  2.75. 

FLASH  POINT:  Does  not  btim. 

ICC  CLASS:  Hot  reported. 

VISCOSITY:  Kot  applicable. 

MISCIBILITY:  Insoluble  in  water. 
SOLVENT  COMPATIBILITY:  Hot  applicable. 
SHELF  LIFE:  Indefildte. 


COST:  !}  to  8  cents  per  pound  in  carload  lots.  FOB  Seattle,  Portland,  San  Francisco,  Los  Angeles, 
Chicago,  Trenton,  and  Boston. 


DOSAGE  RATE:  By  manufacturer  ■  estimated  2  to  3  parts  agent  for  ’ach  part  of  oil. 


APPLICATION  METHOD:  By  man’fa.turer  -  Broadcast  dry  onto  oil  slick.  Agitate.  May  also  be  mixed 
1  Ib/gr.i  with  water  and  sprayed  onto  oil  slick.  Dry  application  most  effec¬ 
tive.  Oil  disperses  and  sinks.  Heacuion  time  -  imediate  to  several  hours 
depending  on  agitatica.  Fbr  beach  protection,  spread  3 S  to  20  ft  wide  before 
tide  comes  in.  For  rook  cleaning,  mix  with  painter's  naphtha,  apply,  and  wash 
with  high-pressure  water  stream. 


AVAILABILITY:  Inventory  quantity  10  to  1+0  tons  at  Seattle,  Portland,  San  Francisco,  Los  Angeles, 

Chicago,  Trenton,  and  Boston.  Production  of  70  tons/day  possible  with  1  week  lead 
time  or,  in  emergency,  1  day  lead  time. 


USE  RECOMMENDATIONS  AND  LIMITATIONS: 


By  manufacturer  -  reccctiended  for  open  sea,  bay,  harbor, 
estuary,  and  shore  for  fresh  crude  and  distillate  fu+ls. 
Hot  effective  on  Bunker  C  or  heavy  fractions.  Use  for 
beach  protection,  beach  cleaning,  and  rock  cleaning.  Some 
of  the  product  can  float  to  shore  either  oil-contaminated 
or  clean  and  leave  a  deposit.  Storage  requirements  -  keep 
dry. 


SPILL  EXPERIENCE:  By  manufacturer  -  The  San  Juan  Puerto  Rico  Dept,  of  Public  Horks  used  two  50-lb  bags 
every  low  tide  at  Caribe  Hilton  Hotel  Beach,  Puerto  Rico  (OCEAK  EAGLE  Spill  -  March 
1968).  Spread  15  to  20  ft  wide  on  60O  ft  beach.  Tide  carried  oil  arid  talc  out  and 
kept  beach  open  and  free  of  oil  (amount  of  oil  at  this  beach  was  not  large  accord¬ 
ing  to  manufacturer).  Santa  Barbara  -  used  by  Crosby  .  d  Overton,  Long  Beach, 
Calif.,  on  beaches  to  polish  cleanup  after  most  oil  r-..oved  manually,  and  tov 
cleaning  rooks  (1969). 


EFFECTIVENESS:  By  manufacturer  -  no  estimate  or  test  data  reported.  By  oth*  's  -  teste  by  University  of 
Puerto  Rico  rated  absorbency  "Excellent.  Able  to  emeve  .nin  filme  of  oil.  Good  for 
cleani.ig  sands  also"  and  rated  leaching  "Leaches  most  of  the  oil  5f  exposed  to  the 
sun." 


TOXICITY: 

By  manufacturer  - 

For  operators  -  nontoxic;  no  silicosis  hazard. 

For  marine  life  -  no  toxicity;  documented  by  laboratory  tests  by  aa'j:ie  biologist  at  University  of 
Puerto  Rico. 


By  others  -  lOOj  mortality  in  6  hr  at  1000  pjo  for  moharra. 


MATERIAL  IDENTIFICATION:  SCSI-5 
CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Talc,  10  nicr'-n,  2inc  stearate  coated  (ICX^  organ jphilic ;  lOC^.  hydrophobic). 
Ho  stabilizer. 

SPECIFIC  GRAVITY:  2.75  (tre..ted  material  does  not  sink  3n  water). 

FLASH  POINT:  Does  not  bum. 

ICC  CLASS:  Hot  reported. 

VISCOSITY:  Hot  applicable. 

MISCIBILITY:  Insoluble  in  water. 

SOLVENT  COMPATIBILITY:  Hot  applicable. 

SHELF  LIFE-  Indefinite. 

COST:  e  to  10  cents  per  pound  in  carload  lots.  FOB  Seattle,  Portland,  San  Francisco,  Los  Angel-.s, 
Chicago,  Trenton,  and  Boston. 

DOSAGE  RATE:  By  manufacturer  -  not  determined.  Sstimates  2  to  3  parts  agent  for  each  part  of  oil. 


APPLICATION  METHOD:  By  manufacturer  -  broadcast  dry  onto  oil  slick.  Only  harvesting  method  used  to 
date  is  manual  retrieval  on  shore.  Reaction  time  -  not  reported.  Does  not 
sink  oil. 


AVAILABILITY:  Inventory  quantity  1  to  20  tons  at  Seattle,  Portland,  San  Francisco,  Los  Angeles, 
Chicago,  Trenton,  and  Boston.  Production  of  35  tons/day  possible. 


USE  RECOMMENDATIONS  AND  LIMITATIQFiS:  By  manufacturer  -  recoaaended  for  open  sea,  bay,  harbor, 

and  estuary  on  fb-esh  crude  and  distillate  fuels.  Hot 
effective  on  Bunker  C  or  heavy  fractions.  Does  not  sink 
the  oil. 


SPILL  EXPERIENCE:  By  manufacturer  -  used  on  a  small  floating  slick  at  Caribe  Hilton  Hotel  lagoon  in 
Puerto  Pdeo  (OCEAK  EAG1£  Spill).  Hand  broadcast,  agitated  -with  boat,  drove 
slick  to  shore,  and  picked  up  with  squeegees,  pushed  up  c.id  shoveled  sand  away. 


EFFECTIVENESS:  By  rnsnufact-irer  -  no  estimate  or  test  data. 


TOXICITY: 

By  manufacturer  - 

For  operators  -  nontoxic;  no  silicosis  hazard. 
For  marine  life  -  ontoxic. 
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AVAItABILITY:  Available. 


ySF  -f  JOMMENDA7IO>tS  AND  LIMITATIONS:  Not  reported. 


EXPERIENCE.  Hot  reported. 


EFFECTIVENESS:  No  estloate  or  test  data. 


TOXICITY: 

By  manufacturer  - 

For  operators  -  nontoxic;  no  silicosis  hazard. 
For  marine  Jife  -  no  toxicity. 
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MATERIAL  IDENTIFICATION:  SOM-8 

CHEMICAL -PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Chrysotile  asLestos  -  surface  treatcl, 

SPECIFIC  GRAVITY:  2.L  (in  solid  fora),  racjisge  tul/t  density  -  19.6  pcf. 

FLASH  POINT:  i.'one. 

ICC  CLASS:  I!ot  reported. 

VISCOSITY:  Mot  applicable. 

MISCIBILITY:  lot  aoplicaVle. 

SOLVENT  COMPATIBILITY:  Met  aprlicatlo. 

SHELF  LIFE:  Infinite. 

32.7  cents  per  pound  for  ainiavci  order  of  1  ton.  FOB  Kii^  City,  Calif.  Packaged  in  LC-lb  tags, 
3-ply  paper  with  polyethylene  overwrap;  size  -  2S  by  l3  ty  17  in. 

DOSAGE  RATE:  By  aan-ufacturer  -  6  to  of  tlie  weight  of  oil. 


APPLICATION  METHOD:  B: 


y  canufacturer  -  apply  by  scoop  around  slick  to  contain  and  absorb  it  or  apply 
by  blowers  to  surface  of  oil  to  absorb  it.  Agitate  with  tow  wake  or  apply 
surfactant  or  alcohol  to  drive  oil  into  the  asbestos.  Recove  ty  strainers, 
sieving,  skicring,  or  tumir.g.  Ignition  and  flane  propagation  do  not  require 
special  checicals  or  equipcent.  For  sir.kir.g,  use  one  part  agent  to  6  parts 
crude  oil  by  weight,  agitate  vigor cusly.  At  1(^-  agent  ty  weight  of  oil,  ag- 
glccerate  regains  floating.  Reaction  tite  -  instantaneous  when  contacting 
fresh  oil  surface,  increases  to  several  cinutes  through  oil-water  interface. 


AVAILABILITY:  Available  nationwide  at  12  warehouse  locatiO!.s.  riant  and  warehouse  inventories  are 
subject  to  adjustment  ecetersurate  with  use  requirements. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  B 


SPILL  EXPERIENCE; 


By  awu’.ufacturer  -  recesmended  for  open  sea,  bay,  harbor, 
est-.sary,  and  shore  for  Bunker  C,  fresh  and  weath.ered 
erodes,  aial  distillate  fuels.  lio  limits  on  teaperature 
or  sea  state.  Should  be  applied  prior  to  dispersants  and 
surfactants.  Sot  effective  on  emulsified  oils.  Uncon¬ 
tacted  material  floats  on  water  surface.  Intense  agita¬ 
tion  will  displace  air  film  aj:d  permit  it  to  sink.  Apply 
offshore  of  beaches  to  intercept  and  agglomerate  the  oil. 

By  manufacturer  -  no  spill  experience  to  date  -  laboratory  tests  and  a  limitid  test 
on  the  Buffalo  River. 


EFFECTIVENESS:  By  manufactiirer  -  lODt  -  high  removal  effected  with  use  of  surfactant  scavenging  of 
agglccerated  oil.  liaterial  is  hydrophobic  and  oleophilic. 


TOXICITY: 

By  manufacturer  - 

Fcr  operators  -  per  Bax  "Sangerous  properties  of  Industrial  :!aterials”  2.nd  Bd.,  acute  local,  irritant 
slight,  irJ;alatior.  moderate :  acute  systemic  none;  chronic  local  inhalation  high; 
chronac  systemic  unknown.  Inhalation  per  U.  3.  Department  of  Ls'-cr  -  2  x  IC^  par¬ 
ticles  per  cubic  foot  of  air  maximum  permissible. 

For  marine  life  -  basic  mineral  and  surfactant  are  insoluble. 
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MATERIAL  ID£NTIFICATIOM:  SOH-9 

CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Acteptos  -  surface  treated. 

specific  GRAVITY:  2.l»5. 

FLASH  POINT:  Hone. 

ICC  CLASS:  Hot  reported. 

VISCOSITY:  Not  spplicable. 

MISCIBILITY:  None. 

SOLVENT  COMPATIBILITY.  Not  applicable. 

SHELF  LIFE:  Infinite. 

COST:  Priced  from  15  to  20  cents  per  pound  depending  on  quantity,  FOB  King  City,  Calif. 


DOSAGE  RATE:  By  manufacturer  -  10  to  I5i  of  the  wei^t  of  oil. 


APPLICATIOM  METHOD'-  For  sinking,  use  one  part  agent  to  eight  parts  crude  oil  by  weight,  agitate 
vigorously.  Reaction  time  -  instantaneous  when  contacting  fresh  oil  s'jt- 
facc.  Increases  to  several  atnutes  'with  weathered  or  emulsified  oil. 


AVAILABILITY:  100-ton  inventory  quantity;  30  tons/day  production  rate  possible  upon  72-hr  notice. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  By  aanufacuiL-er  -  recccnended  for  open  sen,  bay,  harbor, 

estuary,  and  shore  tot  .5u.)ker  C,  fresh  and  weathered 
crudes,  aixi  distillate  fuel:..  Ho  limits  on  teoperature 
or  sea  state.  Slio'Jrt  be  applied  prior  to  dispersants 
and  .surfoctants.  Hot  effective  on  sculsifled  oil.  Un¬ 
contacted  saterial  will  float  for  a  short  tloc. 


SPILL  EXPERIEWCE:  By  mamrfaoturer  -  no  spill  experience  to  date;  laboratory  tests  and  limited  field 
“  tests  have  been  conducted. 


EFFECTtVEHESS:  By  aanufactia-er  -  100^;  high  reaeval  efTected  i»lth  use  of  surfactant  scavei^i:^  of 
■  '  eggluaerated  oil. 


TOXICITY;  By  manufacturer  -  insoluble;  per  Sax  "Daisartnis  Rroperties  of  Ir/iuctrial  Materials,"  2nd 
edition,  acute  local,  irritant  slight,  inhalation  aodcrate;  acute  systemic  none;  chronic 
local,  IshalaWon  high;  chronic  .lysteslc  unknown.  7nhalatlo:i  per  li.  3.  Department  of 
I*tor  -  2  X  10®  particles  per  cuoic  foot  of  ait  -eaxtoa  peraissiMe. 


> 
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MATERIAL  IDENTIFICATION:  SCI-IO 

CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Cationic  asbestos. 

SPECIFIC  GRAVITY:  2.45. 

FLASH  POINT:  lioce. 

ICC  CLASS-  Hot  reported. 

VISCOSITY:  Hot  applicable. 

MISCIBILITY:  Hone. 

SOLVENT  COMPATIBILITY:  Hot  applicable. 

SHELF  LIFE:  Infinite. 

COST:  7.0  cents  per  pound  for  orders  of  less  than  1630  lb,  FOB  King  City,  California.  PacKsged  in 
bo-lb  bags.  Pallet  veif>ht  l600  lb.  Available  at  sliEhtly  reduced  rates  for  orders  greater 
than  1600  lb. 

DOSAGE  RATE:  By  eanufacturer  -  10  to  IjJ  of  the  weight  of  oil. 


APPLICATION  METHOD:  By  Bonufacturer  -  add  directly  to  the  oil-contaninated  waste  water  with  enough 
agitation  to  assure  adequate  contact.  The  asbestos/oil  agglomerates  can  then 
be  reaoved  by  skisidng,  straining,  or  sedlcentation. 


AVAILABILITY:  loOO-ton  inventory  at  King  City,  California;  50  tons/day  production  rate  possible  upon 
2b-hr  notice. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  By  sanufacturcr  -  rccosaended  for  open  sea,  bay,  harbor, 

estuary,  arid  shore  for  Bunker  C,  fresh  or  weathered 
crude,  and  distillate  fuels.  Ho  liaits  cn  temperature  or 
sea  state.  Should  be  applied  prior  to  dispersant  and 
surfactants.  Agglomerated  oil  does  r.ot  float. 


SPILL  EXPERIENCE:  By  samifacturer  -  no  spill  experience  to  date.  laboratory  tests  and  United  field 
•..-sts  have  been  conducted. 


EFFECTIVENESS:  E/  manufacturer  -  lOOi  -  instantaneous  reaction  when  ccnt-ictlng  fresh  cil  surface, 
Ircreascs  to  several  minutes  through  oil-water  interface. 

/ 


TOXICITY:  By  manufacturer  -  for  operators  -  per  Sa:  "Cangerous  Properties  of  Industrial  feterials,*' 

?d  edition,  acute  losai,  irritant  slii.  t,  inhalation  moderate;  acute  systemic  :voae; 
chronic  local.  in.^alatlon  high;  chrii.ie  systemic  urJuKSfn.  Inhalation  per  U.  S.  Separtaent 
of  Labor  -  2  x  10"  particles  per  o-ubie  foot  of  air  maximi-a  tveraissible. 


MATERIAL  IDEWTIFICATIOW:  StX^-U 

CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  l^'drated  ca^esl-ja  alunliiun  silicate. 

SPECIFIC  GRAVITY:  Bul>.  density  -  27  to  33  ref. 

FLASH  POINT:  Kone. 

ICC  CLASS:  Not  reported. 

VISCOSITY:  Hot  applicable  (dry  cranular  product). 

MISCiaiLITY:  Insoluble. 

SOLVENT  COMPA’"»ILITY:  Inert  and  insoluole. 

SHELF  LIFE:  Ho  .iiait. 

COST:  $50  per  ton  in  tr.:ckload  lots,  $33-25  to  $37.25  per  ton  in  carload  lots-  (60,000  lb),  TCB  l-Seigs, 
Georgia. 

OOSAGE  RATE:  By  aamifaeturer  -  1:1  to  1:3  agent  to  oil  by  veight. 


APPLICATION  METHOD:  By  eanufacturer  -  apply  by  dusters.  Ho  agitation  required.  After  absorption 
is  conplete,  nixture  of  clay  and  oil  on  water  will  sink  on  slight  agitation 
or  addition  of  surfactant.  For  beach  cleaning,  sprinU.e  on  beach  to  absorb 
deposited  oil;  resove  and  clspose  of  oil-soaked  clay.  Reaction  tine  -  not 
reported. 


AVAILABILITY:  Inventory  -  500  tons  at  .Meigs,  Georgia. 

Available  in  different  cesh  sizes. 


Production  of  1C  tons /hr  possible  at  Heigs. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  By  nanufacturer  -  recocnended  for  open  sea,  bay,  harbor, 

estuary,  and  shore  for  use  on  Bunker  C,  ftesh  and 
weathered  crudes,  and  distillate  fuels,  as  a  sorbent, 
sinking  agent,  and  beach  clean^.  Stable  under  all 
tesqjerature  conditions  foristorage. 


SPILL  EXPERIENCE: 


By  canufacturer 
reported. 


laboratory  tests  have  been  perferaed.  Ho  spill  experience 


EFFECTIVENESS:  By  tanufacturer  -  one  part  of  agent  by  weight  will  absorb  1  to  3  parts  of  oil. 


TOXICITY: 

By ':inufacturer  - 

For  operators  -  coaple'.ely  nontoxic  and  nsnhazardous. 
^cr  mrine  life  •  .wntoxic. 


Ell 


MATEBIAL  IDEWTIFICATION; 


CHUnCAL  CCHPCSrrtON:  RkturaUy  occurring  contsoriUonite  and  palygorskite. 

VEOFIC  QRAVtTY:  BuUc  denaity  -  27  to  1*0  pef . 

FLASH  rONUr:  Hone. 

KC  CLASS:  Hot  reported. 

VISCOSITV:  Hot  applicable  (dry  granular  product). 

WSCmiUTY:  Inaoluble. 

SOLVENT  COMFATIMLrrY:  Good. 

SHEt.F  LIFE:  Ho  Unit. 

COST:  Hot  reported.  (SSatlnated  420  per  ton. ) 

DOSAGE  RATE;  Hy  atanafacturer  -  1:1  to  1:3  agent  to  oil  by  vel^t. 

^^^4JCATI0W  MEIHOO;  By  oanufacturer  -  by  duatera.  Ho  agitation  required.  After  absorption 

la  conplete,  nluture  of  clay  and  oil  on  vat*r  vill  sink  on  sllg)it  agitation 
or  addition  of  surfactant.  Fbr  beach  cleani.rgt  sprinkle  on  beach  to  absorb 
deposited  oil;  reaove  and  dispose  of  oil-soaked  clay.  Reaction  time  -  not 
reported. 


AVAItABILITY;  Inrcntory  -  500  tons  at  Meigs,  Georgia.  Production  of  10  tons/hr  possible  at  Meigs. 
Available  in  different  nesh  sixes. 


USE  BECOMMENDATIOWS  AND  LIMITATIOWb;  B/  nanufacturer  -  recosBer-ied  for  open  sea,  biy,  harbor, 

estuary,  and  shore  for  use  on  Bunker  C,  fresh  and 
veathered  crudes,  and  dlstlllatG  lUela,  as  a  sorbent, 
sinking  agent,  and  beach  cleaner.  Stable  under  all 
teaperature  conditions  for  storage. 


SHU.  EXPERIENCE;  By  oanufacturer  -  laboratory  tests  have  been  perfonaed.  Ho  spill  experience 
reported. 


EFFECTIVENESS:  By  oanufacturer  -  one  part  of  agent  by  weight  wUl  absorb  1  to  3  parts  of  oil. 


TOXICITY; 

By  oanufacturer  - 

Fbr  operators  -  coepletely  nontcxic  and  nonhaxardous. 
For  oarine  life  -  nnntoxic. 


MATERIAL  IDENTIFICATION:  Sa-:-13 

CHEMICAL-PHYSICAL  PROI»ERTIES: 

CHEMICAL  COMPOSITION:  Carbonized,  chesically  coated  sand. 

SPECIFIC  GRAVITY:  2.60:  bulk  density  I.I168  g/cc. 

FLASH  POINT:  Kone.  Kill  not  icnite. 

ICC  CLASS:  Cheslical  liOI. 

VISCOSITY:  Dry  solids - 
MISCIBILITY:  KjdropJ.obic. 

SOLVENT  COMPATIBILITY:  b'ot  applicable. 

SHELF  LIFE:  Indeflrite. 

COST:  Hi'  manufacturer  -  $3-75  psr  100  lb,  or  475  to  $80  per  ton. 


DOSAGE  RATE:  By  nanufacturer  -  2  to  3  parts  of  agent  to  1  part  of  oil  for  all  types  of  oil. 


APPLICATION  METHOD:  By  canufacturer  -  varicble  pressure  apparatus;  for  example,  for  thin  oil  films 
'  a  near  zero  velocity  application  such  as  dusting  gives  better  results,  whereas 

for  thicker  layers  a  higher  velocity  application  froa  an  air  hose  or  sand¬ 
blaster  apparatus  secas  to  be  oore  suitable. 


AVAILABILITY:  Kill  be  available  by  Jan  1,  1971. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  gy  cmnufacturer  -  caterial  will  sink  all  types  of  oil  in 

fresh  or  salt  water.  It  is  nore  efficient,  however, 
in  sinking  the  oore  viscous  oils  such  as  crude  and 
bunker. 


SPILL  EXPERIENCE:  Jfo  large  spill  experience  to  date. 


EFFECTIVENESS:  By  uanui'acturer  -  lOC^  effective  in  sinking  and  holding  oil  when  applied  properly. 
Material  which  does  not  contact  visible  oil  is  wasted. 


TOXICITY:  Ilontoxic. 
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MATERIAL  IDENTIFICATION:  SCM-lU 
CHEMICAL-PHYSICAL  PROPERTIES; 

CHEMICAL  COMPOsmOM:  Tly  ash  treated  with  chlorosllane  residue,  then  neutralized. 

SPECIFIC  ORAVirV:  Bulk  density:  O.9  g/cc. 

FUkSH  POINT:  Rot  t^Ucable. 

KC  CLASS:  Kcne. 

VISCOSITY:  Kot  applicable. 

MISCIBILITY:  Hot  ^llcable. 

SOLVENT  COMPATtaiLITV:  Not  applicable. 

SHELF  LIFE:  UnUmlted. 

COST:  Hot  reported.  (Estiaated'^lOO  per  ten.) 


DOSAGE  RATE:  1:0.5  to  1:0.9  agent  to  oil  by  weight. 


APPLICATION  METHOD:  Any  method  that  will  apply  the  material  dry. 


AVAILABILITY:  Unllolted  with  pilot  plant  for  surface  treatment. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  Ko  UmltaUons. 


SPILL  EXPERIENCE:  Not  reported. 


EFFECTIVENESS:  Hot  reported. 


TOXICITY:  Unknown. 
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MATERIAL  IDENTIFICATION:  S©;-15 
CHEMICAL -PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Hy  ash  treated  vlth  Sov  ComliLj  ISOg  Silane,  then  neutralized. 

SPECIFIC  GRAVITY:  Bull  density;  O.83  g/cc. 

FLASH  POINT:  ”Ct  applicable - 
ICC  CLASS:  Ilone. 

VISCOSITY:  iiot  applicable. 

MISCIBILITY:  !’ot  cqiplicable. 

SOLVENT  COMPATIBILITY:  .'lot  applicable. 

SHELF  LIFE:  Ihllialted. 

COST:  !?ot  reported.  (Esticated  $100  per  ton. ) 


DOSAGE  RATE:  Approximately  1:0.5  agent  to  oil  by  weight. 


APPLICATION  METHOD:  Any  method  that  will  apply  the  material  dry. 


AVAILABILITY:  .Unlimited  with  pilot  plant  for  surface  treatment. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  Ko  limitation. 


SPILL  EXPERIENCE;  Kone. 

t 


EFFECTIVENESS:  :rot  reported. 


TOXICITY:  Unknown. 


EI5 


^^’%- 


MATERIA*.  IDENT>!CATION:  S0C^-l6 
CHEMiC ‘.t;  PHYSICAL  PROPERTIES; 

aiiA\  (.1.  COMTOSITION:  Sand  treated  vlth  Cow  Coming  12Sg  Silane,  then  neutralized. 

9ECIFIC  fiRAVITY:  Bulk  density:  l.l»6  g/cc. 

FtASH  FOIliT:  Hot  applicable. 

ICC  CLASS:  Hone. 

VBCOSITV-  Kot  appHcahle. 

MISCIBILn  ..  Hot  ^Ucable. 

SOLVEKT  COMFATIBILITY:  Hot  applicable. 

SHELF  LIFE:  Vnlislted. 

COST:  Hot  riTorted.  (Estloaied  $75  per  ton. ) 


l>v3A6E  RATE:  Approxiaately  1:0.5  agent  to  oil  by  weight. 


■-:y>.l(V.~>IO>l  METHOO:  Anj  lethod  that  will  apply  the  zaterial  dry. 


r-J- 

r-v:-. 


AVAILABILITY;  Unlimited  with  pilot  plant  for  surf>se  ti'eataent. 


USE  RECOMMEWDATIOWS  AND  LIMITATIONS;  Ho  limitations. 


is 


SPILL  EXPERIENCE;  Hot  reported. 


EFFECTIVENESS;  Hot  reoorted. 


TOXICITY:  Unknown. 


MATERIAL  IDENTIFICATION:  S(»l-17 

CHEMICAL- PHYSICAL  PROi»6RTII-S; 

CHEMICAL  COMPOSITION:  C^Evint  byproduct,  major  isgredienta 
SiOg  and  CaO  {51.35t). 

SPECIFIC  GRAVITY:  Bulk  density:  50  ccf 
FLASH  POIHT:  Not  applicable. 

ICC  CLASS:  None. 

VISCOSITY:  Sot  applicobl-:. 

MISCItth.lTY:  Sot  applicable. 

SOLVE':!  rCH’ATIBH.Ii'Y:  Sot  applicable. 

SHELF  LIFE:  >uat  1  yr  in  steel  silo. 

COST:  Not  repo.-i.ed.  (Eatitaated  IlOO  per  ton. ) 


DOSAGE  RATE:  Not  reported. 

APPLICATION  METHOD;  Any  method  that  vill  apply  the  material  dry. 


AVAILABILITY;  Onlimlted. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  No  limitations. 


SPILL  EXPERIENCE:  Used  in  small  moat  contaminated  with  diesel  fuel  with  good  results. 

Twelve  mallard  ducks  and  a  moorhen  heavily  coated  vith  diesel  fuel 
vere  cleaned  using  the  dry  material  to  remove  oil  from  feathers. 
Besults  vere  excellent. 


EFFECTIVENESS:  Not  reported. 


TOXICITY:  Nontoxic. 
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MATEBtAt  IDEWTIFICATIOW:  SOH-lS 
CHEMICAL-PHYSICAL  PROPERTIES: 

CHEMICAL  COMPOSITION:  Major  ingredient  -  kaolinite;  remainder  -  azaorphous  silica  (beta- 
crystobalite). 

SPECIFIC  GRAVITY:  Hot  reported. 

FLASH  POINT:  Hot  applicable. 

ICC  CLASS:  Crude  cisy. 

VISCOSITY:  Hot  applicable. 

MISCIULITV:  Insoluble  in  vater. 

SOLVENT  COMPATIBILITY:  Not  ^licable. 

SHELF  LIFE:  Unlimited. 

CC^  $58  per  ton,  50-lb  bags,  PC®  Socorro,  Hew  Mexico. 


DOSAGE  RATE:  By  manufacturer  -  2.5sl  agent  to  oil  by  weight. 


APPLICATION  METHOD:  By  manufacturer  -  apply  by  any  method  that  vlU  uniformly  spread  the  nateritJ. 

on  the  surface  of  the  floating  oil.  A  method  using  air  spray  has  been 
developed.  Reaction  time  -  immediate. 


AVAILABILITY:  Inventory  quantity  -  50,000  tons  in  New  Mexico.  Production  rate  of  75  tons/day  -  can 
be  expanded  to  meet  demand. 


USE  RECOMMENDATIONS  AND  LIMITATIONS:  3y  manufacturer  -  recommended  for  open  sea,  bay,  harbor, 
~~~  ’  estuary,  and  slxore  on  Bunker  C,  fresh  and  weathered 

crudes,  and  distillate  fuels,  under  any  conditions  of 
temperature  and  sea  state.  Store  to  protect  bags  from 
rain. 


SPILL  EXPERIENCE;  By  manufacturer  -  successfully  tested  by  Union  Oil  on  Santa  Barbara  oil  slick  in 
Hay  1969. 


EEEECTIVENESS:  By  manufacturer  -  observations  during  bioassay  test  for  manufacturer  indicate  that  at 
“  2.5:1  and  1*;1  dosages  (agent  to  oil  by  weight),  most  oil  settled.  Some  floating 

oil  remained.  At  6:1  and  8:1,  nearly  all  oil  settled;  however,  some  oil  returned 
to  the  surface. 

TOXICITY: 

By  manufacturer  - 

For  operators  -  no  limit,  nor.toxic. 

Fbr  marine  life  -  nontoxic. 

By  others  - 

Cook  Research  Laboratories,  Inc.,  work  indicates: 

a.  Up  to  I»  g  of  SOH-18  per  liter  of  water  produced  lOOf  sturvival  of  (FUndulus)  fish  using  standard 
methods  and  FWFCA  interim  toxicity  procedures. 

b.  Tests  with  S(M-18  and  oils  fuel  oi3  ,  §6  fuel  oil.  Vest  Texas  crude,  and  Santa  Barbara 
Channel  crude)  indicated  at  least  BOf,  survival  of  Pundulus  in  Bh-,  1*8-,  and  96-hr  standard 
methods  and  FVPCA  interim  toxicity  procedtures  tests. 

Tests  performed  by  Pacific  Engineering  LaJ^ratorv  Cor  the  manufacturer  indicate  IB50  using  standard 
methods  and  FWPCA  tests  were  inconclusive.  It  was  stated  tliat  neither  SCK-18  alone  nor  with  oil 
indicated  a  high  degree  of  toxicity. 
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MAT6RIAL  IDEWTIFICAHOM:  SO-M-IS 
CHEMICAL-PHVSICAt,  HtOPERTIK; 

CHEMICAL  COMTOtinON:  SIO^  fartieles  rendered  oleophilic  with  proprietary  treat»nt. 
SfECIFIC  CRAVITV:  0.65. 

Fl^  l^cOoes  not  bum  and  will  extinguish  fire. 

ICC  CLASS: 

VISCOStTV: 

MISCIBILITY:  Insoluble  in  water. 

SOLVENT  eOMFATIBILITV: 

SHELF  LIFE:  Indefinite. 


FOB  p^t,  approxioately  ♦0;0179  per  lb  in  100-lb  bags  palletized  and  loaded  in 
^imad  boxcars.  FOB  Balti^re.  .Md..  approxi-at^  $0.02^  ^r“b  irlS^ton 

,DOS^E_R^:  Varies  be^een.l:!  to  I..?:!  parts  adsorbent  to  oil  by  volume  derebding 

upon  rate  of  application,  application  method,  type  of  oil,  and  teipiratures. 


APPLICATION  METHOO: 


removal,  slow  continuous  feeding  of  the  oil  sUek 
thro^  a  system  of  tubes  is  reconnended.  Material  may  also  be 
applied  via  a  sieve  or  direct  pour* 


AVAILABILITY; 


100,000-lb  carloads  available  from  receipt  of  order, 
available  inaedlately. 


Small  quantities 


use  RECOMMENDATIONS  AND  LIMITATIONS: 


Recoiaended  for  removal  of  oil  from  the  sea  by 
sinking  or  for  removal  of  oil  from  harbors, 
bays,  and  open  sea  in  conjunction  with  the 
manufacturer's  Sub-surface  Recovery  System. 


OTU^_EjffERIENCE:  Laboratory  models  only. 


EFFECTIVENESS: 


loos  effective  on  li^it  and  ardiua>.viscosity  oils. 
On  very  heavy  oils,  removal  takes  more  time  and 
^plicAtioo  Bfty  b©  neccssfupy* 


TOXICITY:  Ko  known  toxicity. 


MATEHIAL  IDEWTIFICATIOW;  S0t4-20 
CHEMICAL-PHVSICAt  fWOfEBTIES; 

CHEMICAL  COMPOSITION:  SiO^  peai:lcle3  with  proprietary  treatment  including  vater. 
SPECIFIC  GRAVITY:  2.65. 

FLASH  POHUT:  Does  not  bum  and  vlU  extinguish  fire. 

KC  CLASS: 

VISCOStTV:  ^iprcxlaately  60  to  80  seconds  in  HpO  slurry  tested  on  #lt  Ford  Cup  at  72  F. 
MISCIRILITY:  Insoluble  in  vater. 

SOLVENT  COMPATWILITV:  Hot  applicable. 

SHELF  LIFE:  Indefinite. 

COST:  FOB  plant,  ^proxioately  10.0179  per  lb  in  100-lb  bags  palletized  and  loaded  in 
railroad  boxcars.  Railroad  boxcars  have  50-ton  minioua  freight  charge.  FOB 
Bedtimore,  Md. ,  approximately  SO.0227  per  lb  in  50-ton  lots. 

DOSAGE  RATE:  Varies  between  1.1»:1  to  li.5:l  parts  slurry  to  oil  by  weight  depending 
tpon  rate  of  application,  application  method,  type  of  oil,  and 
terqieratures.  Thick  oils  require  less  slurry. 

APPLICATiOM  METHOD:  Add  fresh  or  salt  vater  in  ratio  of  1  part  vater  to  parts 

80H-20  and  mix  until  pastelike  consistency  obtained.  Spray 
slurry  onto  oil  slick. 


AVAILABILITY:  plant  presently  available  for  production. 


USE  HECOMMEWDATIOWS  AND  LIMITATIOWS:  This  aerial  Is  most  ideally  suited  for  use  in  conjunction 

with  the  mcnufacturer's  Siib-surface  Recovery  System.  The 
material  enables  oil  to  be  transformed  froai  a  slick  floating 
on  the  surface  to  balls  of  oil  coated  with  an  encapsulating 
blanket  of  white  sand  panicles.  The  blaiiket  of  sand  around 
each  ball  of  oil  not  only  contains  the  oil  but  increases  the 
wei^t  sufficiently  to  allow  gravity  to  puli  the  oil  into  a 
subsurface  containment  bin  or  to  the  bottom  of  the  ocean. 

Laboratory  models  only. 


EFFECTIVEWESS:  Tht  slurry  system  is  more  effective  with  heavy  oils  than  light  oils.  It  is  also 
more  effective  on  thick  layers  of  oil  than  on  extremely  thin  layers  of  oil. 


TOXICITY:  Ho  known  toxicity. 
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MATEBIAL  IDEWTIPICATIOW;  SOM-21 
CHEMICAL-»HYSICAL  WOfERTlES: 

CHEMICAL  rOMraiiriON:  SlOg  particles  rendered  oleophilic  by  pieprietaxy  treataent. 
SKCiFICGRAVltV:  2.65. 

FLASH  FOWT:  Does  not  bum  and  will  extinguish  fire. 

KC  CLASS: 

VISCOSITY:  Rot  ^ipUcable. 

MtSCIBILITV:  Insoluble  in  water. 

SOLVENT  CONFATIBILITV:  Not  applicable. 

SHELF  LIFE:  Rot  definitb. 

CMT:  FOB  plant,  ^roxiaately  $0.02  per  lb  in  100-lb  bags  palletized  and  loaded  in  railroad 
boxcars.  Railroad  boxcars  have  50-ton  ninlsum  fiei^t  charge. 

BATE:  Dosage  varies  between  1:1  to  5,:1  parts  adsorbent  to  oil  by  volune  depending  xipon 
-  - '  Tate  of  application,  application  iiethod,  types  of  oil,  and  tei^rature. 

yBLICATlOW  METH^  ,Por  aost  effective  reaoval,  slow  continuous  feedl^  of  the  oil  slick 

**»TOugh  a  ayatea  of  tt*es  is  recoaaanded.  Material  my  also  be  applied 
^  -  via  a  sieve  or  direct  pour. 


AVAILABILITYj  100,000-lb  carloads  available  2  weeks  froa  receipt  of  order.  quantities 

available  IsaeUately. 


USE  BECOSEMEMOATIOWS  AND  tUBITATIOWS:  Recoaaended  for  reaoval  of  oil  froa  the  sea  by  sinking 

or  for  reaoval  of  oil  froa  harbors,  bays,  and  open 
sea  in  conjunction  with  the  asnufacturer's  Sub-surface 
Recovery  Systea. 


SHLL  EXBEBIEWCE:  Laboratory  aodels  oirly. 


EfFECnVEWESS:  Material  is  95  to  lOOS  effective  oo  U^t  and  aediua-viacoslty  oils.  Reaoval  is 

On  very  heavy  oils,  reaoval  takes  aore  tlae  and  repeated  appli- 
.  .  cations  aay  be  necessary. 


TOXICITY:  ifo  known  toxicity. 
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CHEMICAL-yHYStCAL  WOWBTiESi 


ClumCAt  COMKNITION:  SiOg  particle*  reiidex«d  oleophilic  ^  ri^rletary  treataent. 
VfaFKOMvrrv:  2.65. 

riAW  MNMT:  Doe*  not  hum  and  will  suffocate  fire. 

ICC  CtAM: 

VnCOCITV.-  lot  s^Ucable. 

MWCmUTY:  InsoliAtle  In  vatar. 
aOLVENY  COMPATWIUTV:  lot  qppUeable. 

WiLF  LIFE:  Indefinite. 


COST:  Undeteroined.  (Eatlnated  STS  per  ton. ) 


DOSAGE  RATE;  Dosa^  varies  between  1:1  to  2:1  parts  adsorbent  to  oil  by  volune  depending 
upon  rate  of  applicat.'on,  application  aethod,  t2rpe  of  ollt  and  teiMrature. 

AFftlCATION  METHOO;  For  aost  effective  reaoval.  slow  continuous  feedin*  of  the  oil  aliok 
throuib  a  systea  of  tubes  Is  recoMended.  Material  nay  alaoi  be 
applied  via  a  sieve  or  direct  pour. 


AVAIIASIUTV; 


At  the  present  tine  this  aaterlal  is  available  on  an  s:^riaental  basis  only. 


USE  WECOMMCWOATIOWS  AWO  UMITATIOWS;  Becoaanded  for  reaoval  of  oil  fToa  the  sea  by 

sinking  or  for  reaoval  of  oil  froa  harbors, 
bays,  and  open  sea  in  conjunction  with  the 
aanufaeturer's  Sub-surface  Becoveiy  Systea. 


SP1L1.  EXfEHIENCE:  lAboratory  aodels  only. 


EFEECTIVOiESS:  Material  is  95  to  lOOS  effective  on  li^t  and  aedltan-vlscoslty  oils. 

leaoval  la  iaaediate.  On  very  heavy  oils,  reaoval  takes  aore  tlae 
and  repeated  applications  aay  be  necessary. 


TOXICITY;  lo  known  toxicity. 


mUTERIAL  IDEWTIFICATIOW;  S0H-2i 
CHEMICAL-WYSICAL  PBOPgRTIES: 

CHEMICAL  cOMTOtlTIOM  SiOg  particles  rendered  oleophilic  by  proprietaiy  treataent. 
SKCIFIC  ORAVirV:  2-60. 

flash  FOINT:  Does  not  btim  and  ylll  extinguish  fire. 

ICC  CLASS: 

VISCOSir<’:  Rot -applicable. 

MISCIB'LITY:  Insoluble  in  water. 

SOLVENf  COMFATIBILITY:  Rot  ^licable. 

SHELF  LIFE:  Indefinite. 

COST:  FDB  plant,  approxioately  $0.0279  per  IB  in  100-lb  bags  palletised  and  loaded  in 
railroad  boxcars. 

DOSAGE  RATE:  Dosage  varies  between  0.8:1  to  3:1  parts  adsorbent  to  oil  by  voluns 
depending  upon  rate  of  plication,  application  aethod,  type  of 
oil,  and  tesperr.ture. 

APRUCATIOW  METHOD:  For  aost  effective  reaoval,  slow  continuous  feeding  of  the 

oil  slick  through  a  systea  of  tubes  is  reeonaended.  Material 
aay  also  be  applied  via  a  sieve  or  direct  pour. 


AVAILABILITY:  This  aaterial  has  never  been  produced  cowoercially  but  large  production 
plant  exists. 


USE  RECOMMENDATIONS  AWO  LIMITATIONS:  Recoaiended  for  leaoval  of  oil  trom  the  sea 

by  sinking  or  for  reaoval  of  oil  froa  har¬ 
bors,  bays,  and  open  sea  by  the  asnufactarer’s 
Sub-surface  Recovery  Systea 


SPILL  EXFERIEWCE:  Laboratory  aodels  only. 


EFFECTIVENESS:  :<aterlal  is  95  to  iOOj  effective  on  light  and  aedijss-vlscosity  oils.  Se- 
Boval  is  isaediate.  On  very  heavy  oils,  reaoval  takes  sore  tiae  and 
repeated  application  say  be  necessary. 


TOXICITY:  Ro  known  toxicity. 


Photo  PI.  Top;  S(H-23,  treated  sand;  bottom  left;  tiaated 

sand;  and  bottom  right;  S(M-2,  treated  chalk.  Magnified 
^a5^for  comparison 
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Photo  FI7.  S0M-1|,  untreated  talc,  xioo 


APPENDIX  G:  SPECTRA  OF  OILS  USED 
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